a9y United States
12y Patent Application Publication o) Pub. No.: US 2024/0208956 A1l

US 20240208956A 1

Lee et al. 43) Pub. Date: Jun. 27, 2024
(54) 1,3,4-OXADIAZOLE THIOCARBONYL CO7D 413/12 (2006.01)
COMPOUNDS AS HISTONE DEACETYLASE CO7D 417/14 (2006.01)
6 INHIBITOR, AND PHARMACEUTICAL CO7D 471/10 (2006.01)
COMPOSITION COMPRISING THE SAME CO7D 487/08 (2006.01)
COo7D 487/10 (2006.01)
(71) Applicant: CHONG KUN DANG Co7D 491/107 (2006.01)
PHARMACEUTICAL CORP., Seoul (52) U.S. CL
(KR) CpPC ... CO7D 413/14 (2013.01); A61K 31/4245
(2013.01); A61IK 31/438 (2013.01); A61IK
(72) Inventors: Chang Sik Lee, Yongin (KR); Jung 31/4439 (2013.01); A61K 31/496 (2013.01);
Taek Oh, Yongin (KR); Hyeseung A61K 31/4995 (2013.01); A61K 31/5377
Song, Yongin (KR); Hyunjin Michael (2013.01); CO7D 413/12 (2013.01); CO7D
Kim, Yongin (KR) 417/14 (2013.01); CO7D 471/10 (2013.01);
COo7D 487/08 (2013.01); CO7D 487/10
(21)  Appl. No.: 18/286,037 (2013.01); CO7D 491/107 (2013.01)
(22) PCT Filed: Apr. 7, 2022 (57) ABSTRACT
The present invention relates to a novel 1,3.4-oxadiazole
(86) PCT No.: PCT/1B22/53233 thiocarbonyl compound having a histone deacetylase 6
§ 371 (c)(1). (HDACﬁ) inhibitory activity, stereoisomers thereof, phar-
(2) Date: Oct. 6, 2023 maceutically acceptable salts thereof, a use thereof for
preparing a medicament, a pharmaceutical composition con-
(30) Foreign Application Priority Data taining the same, a therapeutic method using the composi-
tion, and a preparation method thereof, wherein a novel
Apr. 8, 2021  (KR) oo, 10-2021-0046134  compound having a selective HDAC6 mhibitory activity 1s
represented by formula 1.
Publication Classification
(51) Inmnt. CL I
CO7D 413/14 (2006.01) R,—L, 71 =74 .1, O R,
A6IK 31/4245 (2006.01) \N—L < Y
AGIK 31/438 (2006.01) TN\ /) N\ /
A61IK 31/4439 (2006.01) Rz—< Ly—213 N=—N
A61K 31/496 (2006.01) q
A61K 31/4995 (2006.01)
A61IK 31/5377 (2006.01)



US 2024/0208956 Al

1.3,4-OXADIAZOLE THIOCARBONYL
COMPOUNDS AS HISTONE DEACETYLASE
6 INHIBITOR, AND PHARMACEUTICAL
COMPOSITION COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to 1,3,4-oxadiazole
thiocarbonyl compounds having a histone deacetylase 6
(HDAC6) inhibitory activity, stereoisomers thereol, phar-
maceutically acceptable salts thereol; use thereof, use
thereot for preparing a therapeutic drug, a method of treating,
diseases using the same; a pharmaceutical composition
including the same; and a method for preparing the same.

BACKGROUND ART

[0002] In cells, a post-translational modification such as
acetylation serves as a very important regulatory module at
the hub of biological processes and 1s also strictly controlled
by several enzymes. As a core protein constituting chroma-
tin, histone functions as an axis, around which DNAwinds,
and thus helps a DNA condensation. Also, a balance
between acetylation and deacetylation of histone plays a
very important role in gene expression.

[0003] As an enzyme for removing an acetyl group from
lysine residue of histone protein, which constitutes chroma-
tin, histone deacetylase (HDAC) 1s known to be associated
with gene silencing and induce a cell cycle arrest, angio-
genic inhibition, immunoregulation, apoptosis, etc. (Hassig
et al., Curr. Opin. Chem. Biol. 1, 300-308 (1997)). Also, 1t
1s reported that the mhibition of HDAC enzyme functions
induces cancer cells into committing apoptosis for them-
selves by lowering the activity of cancer cell survival-related

tactors and activating cancer cell death-related factors 1n the
body (Warrell et al., Natl. Cancer Inst. 90, 1621-1625
(1998)).

[0004] For humans, 18 HDACSs are known and classified
into four classes according to homology with yeast HDAC.
In this case, eleven HDACs using zinc as a cofactor may be
divided 1nto three groups: Class I (HDACI, 2, 3, 8), Class
II (Ila: HDACA4, 5, 7, 9; IIb: HDACS6, 10) and Class 1V
(HDACI1). Further, seven HDACs of Class III (SIRT 1-7)
use NAD+ as a cofactor imstead of zinc (Bolden et al., Nat.
Rev. Drug Discov. 5(9), 769-784 (2006)).

[0005] Various HDAC inhibitors are now in a preclinical
or clinical development stage, but only non-selective HDAC
inhibitors have been known as anti-cancer agents so {iar.
Vorinostat (SAHA) and romidepsin (FK228) have obtained
approval as a therapeutic agent for cutaneous T-cell lym-
phoma, while panobinostat (LBH-589) has won approval as
a therapeutic agent for multiple myeloma. However, it 1s
known that the non-selective H DAC inhibitors generally
bring about side effects such as fatigue, nausea and the like
at high doses (Piekarz et al., Pharmaceuticals 3, 2751-2767
(2010)). It 1s reported that the side effects are caused by the
inhibition of class I HDACSs. Due to the side ellects, etc., the
non-selective HDAC ihibitors have been subject to the
restriction on drug development in other fields than an

anticancer agent (Witt et al., Cancer Letters 277, 8-21
(2009)).

[0006] Meanwhile, 1t 1s reported that the selective mhibi-
tion of class II HDACs would not show toxicity, which has
occurred in the inhibition of class I HDACs. In case of
developing the selective HDAC inhibitors, 1t would be likely
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to solve side eflects such as toxicity, etc., caused by the
non-selective mhibition of HDACs. Accordingly, there 1s a
chance that selective HDAC inhibitors may be developed as
an eflective therapeutic agent for various diseases (Matthias

et al., Mol. Cell. Biol. 28, 1688-1701 (2008)).

[0007] HDACS, one of class IIb HDACSs, 1s known to be
mainly present in cytoplasma and contain a tubulin protein,
thus being mvolved i1n the deacetylation of a number of
non-histone substrates (HSP90, cortactin, etc.) (Yao et al.,
Mol. Cell 18, 601-607 (2003)). HDAC6 has two catalytic
domains, 1n which a zinc finger domain of C-terminal may
bind to an ubiquitinated protein. HDAC6 1s known to have
a number of non-histone proteins as a substrate, and thus
play an important role in various diseases such as cancer,
inflammatory diseases, autoimmune diseases, neurological
diseases, neurodegenerative disorders and the like (Santo et
al., Blood 119, 2579-2589 (2012); Vishwakarma et al.,

International Immunopharmacology 16, 72-78 (2013); Hu et
al., J. Neurol. Sci. 304, 1-8 (2011)).

[0008] A structural feature that various HDAC 1nhibitors
have 1n common 1s comprised of a cap group, a linker group
and a zinc-binding group (ZBG) as shown 1n the following
structure of vorinostat. Many researchers have conducted a
study on the inhibitory activity and selectivity with regard to
enzymes through a structural modification of the cap group
and the linker group. Out of the groups, 1t 1s known that the
zinc-binding group plays a more important role in the

enzyme 1nhibitory activity and selectivity (Wiest et al., .
Org. Chem 78, 5051-5055 (2013); Methot et al., Bioorg.

Med. Chem. Lett. 18, 973-978 (2008)).
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[0009] Most of the zinc-binding group 1s hydroxamic acid
or benzamide. Herein, hydroxamic acid derivatives show a
strong HDAC 1mnhibitory effect, but have a problem with low
bioavailability and serious ofl-target activity. Benzamide
derivatives include aniline, and thus have a problem in that
it may produce toxic metabolites 1n vivo (Woster et al., Med.
Chem. Commun., online publication (20153)).

[0010] Accordingly, unlike the non-selective inhibitors
having side effects, there 1s a need to develop selective
HDACG6 inhibitors, which has a zinc-binding group with
improved bioavailability, while causing no side eflects 1n
order to treat cancer, inflammatory diseases, autoimmune
diseases, neurological diseases, neurodegenerative disorders

and the like.
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DISCLOSURE OF THE INVENTION

Technical Problem

[0022] An object of the present invention 1s to provide
1,3,4-oxadiazole thiocarbonyl compounds having a selective
HDAC6 mhibitory activity, stereoisomers thereof or phar-
maceutically acceptable salts thereof.

[0023] Another object of the present invention 1s to pro-
vide a pharmaceutical composition including 1,3,4-oxadiaz-
ole thiocarbonyl compounds having a selective HDAC6
inhibitory activity, stereoisomers thereol or pharmaceuti-
cally acceptable salts thereof.

[0024] Stll another object of the present mvention 1s to
provide a method for preparing the same.

[0025] Still another object of the present mvention 1s to
provide a pharmaceutical composition containing the com-
pounds.

[0026] Still another object of the present mvention 1s to
provide a pharmaceutical composition containing the com-
pounds for preventing or treating HDAC6 activity-related
diseases. Herein, the HDAC6 activity-related diseases may
include 1nfectious diseases, neoplasm, endocrinopathy,
nutritional and metabolic diseases, mental and behavioral
disorders, neurological diseases, eye and ocular adnexal
diseases, circulatory diseases, respiratory diseases, digestive
troubles, skin and subcutaneous tissue diseases, musculo-
skeletal system and connective tissue diseases or teratosis,
deformities and chromosomal aberration.

[0027] Still another object of the present invention 1s to
provide a use thereof for preparing a medicament for pre-
venting or treating H DAC6 activity-related diseases.
[0028] Still another object of the present ivention 1s to
provide a method for treating HDACG6 activity-related dis-
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cases, 1cluding administering a therapeutically effective
amount of the compounds or a pharmaceutical composition
containing the compounds.

Technical Solution to Problem

[0029] The present mventors have found an oxadiazole
compound having a histone deacetylase 6 (HDAC6) inhibi-
tory activity and have used the same 1n inhibiting or treating
HDAC6 activity-related diseases, thereby completing the
present 1vention.

[0030] Hereiatfter, the present invention will be described
in more detail. All the combinations of various elements
disclosed 1n the present mnvention fall within the scope of the
present invention. In addition, 1t cannot be seen that the
scope of the present invention 1s limited to the specific
description below.

1,3,4-oxadiazole Thiocarbonyl Compounds
[0031] According to the objects, the compounds provided
in the present invention may be as shown 1n (1) to (3) below.

[0032] (1)A1,3,4-oxadiazole thiocarbonyl compound rep-
resented by formula I below, stereoisomers thereof or phar-
maceutically acceptable salts thereof:

<Formula [>

Ri—L li=7/ L R
1 I\N ) | 4/ BYOY 3
— 7 X
R2_< 22_23 N—N
S
[0033] 1n formula I,

[0034] L,, L, and L, are each independently a single
bond or —(C,-C, alkylene)-;

[0035] R, 1s —H, —(C,-C, alkyl), —(C,-C, alkyl)-O
(C,-C, alkyl), —(C,-C, alkyl)-C(=0)—0O(C,-C,
alkyl), —(C;-C- cycloalkyl), —(C,-C, cycloheteroal-
kyl), -aryl, -heteroaryl, -adamantyl,

C \ 7 \
Zﬁ \ or \Zg \ .
[0036] 1n R,
[0037] at least one H of —(C,-C, alkyl) may be sub-

stituted with -T or —OH,

[0038] atleast one H of -aryl or -heteroaryl may be each
independently substituted with -1, —OH, —O(C,-C,
alkyl), —OCF,, —O-aryl, —NR”R*, —(C,-C, alky]),
—CF,, —CF,H, —C=0)A{C,-C, alkyl),
—C(=0)—0(C,-C, alkyl), —C(=0)—NR”R",
—S(=0),—(C,-C, alkyl), -aryl, -heteroaryl,
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Z5““-/1\%L //Z? /%

/3
<Z - \/‘ ? \Zg X ‘
AK

or

1

Yy \H{YB —E\]; §

in which at least one H of

d

Y4 \H{YS _f\]e

Q

may be substituted with -T, —(C,-C, alkyl), —CF; or
—CF,H,
[0039] at least one H of —(C,-C,, cycloalkyl), —(C,-C,
cycloheteroalkyl), -adamantyl,

or /4

may be each independently substituted with -1, —OH or
—(C,-C, alkyl);
[0040] R, is —NR“R”, —ORE, -heteroaryl,

YJJ“/\I\YS | Y%Yﬁ )
Y- N
J
[0041] in R,

[0042] at least one H of

1 C (i)
Y(H\Yg YMYﬁ

may be substituted with -1, —OH, —O(C, -C, alkyl), —NR-
PR*, —(C,-C, alkyl), —CF,, —CF_H, —CN, -aryl, -het-
croaryl, —(C, -C, alkyl)-aryl or —(C,-C, alkyl)-heteroaryl,
in which at least one H of -aryl, -heteroaryl, —(C,-C,
alkyl)-aryl or —(C,-C, alkyl)-heteroaryl may be substituted
with -T, —OH, —CF, or —CF,H;
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[0043] R, 1s -CT; or -CT,H;

[0044] Y,, Y,, Y, and Y, are each independently
—CH—, —CHR"—, —NR"—, —O—, —C(=0)—
or —S(—0),—

[0045] Y., Y. and Y, are each independently —CH—
or —N—;

[0046] Z, to 7, are each independently N or CR?,

[0047] 1n Z, to Z,,

[0048] at least three of Z, to Z, may not be N at the same
time, and R is —H, -T or —O(C,-C, alkyl);

[0049] Z. and Z, are each independently —CH,— or

O—;

[0050] Z, and Z; are each independently —CH— or
—N—;

[0051] Z,is —NR“— or —S—;

[0052] R* and R” are each independently —H, —(C, -
C, alkyl), —(C,-C, alkyl)-OH, —(C,-C, alkyl)-NR-
PR*, -aryl, —(C,-C, alkyl)-aryl, -heteroaryl, —(C,-C,
alkyl)-heteroaryl, —(C,-C, cycloalkyl), —(C,-C, het-
crocycloalkyl) or

[0053] in R* and R”,

[0054] at least one H of —(C,-C, alkyl), —(C,-C,
alkyl)-OH or —(C,-C., alky])-NR”R” may be substi-
tuted with -T,

[0055] at least one H of -aryl, —(C,-C, alkyl)-aryl,
-heteroaryl, —(C,-C, alkyl)-heteroaryl, —(C;-C,
cycloalkyl) or —(C,-C, heterocycloalkyl) may be sub-
stituted with -T, —OH, —O(C,-C, alkyl), —(C,-C,
alkyl), —CF,, —CF,H or —CN,

[0056] at least one H of

Y4/H{ Y3 AP%:
W Q

may be substituted with -1, —OH, —O(C, -C, alkyl), —(C, -
C, alkyl), —CF,, —CF,H, —CN, —(C,-C, heterocycloal-
kyl), -aryl, —(C,-C, alkyl)-aryl or -heteroaryl;

[0057] R is —(C,-C, alkyl), -aryl, —(C,-C., alkyl)-
aryl, -heteroaryl or —(C,-C, alkyl)-heteroaryl,

[0058] in RS,

[0059] at least one H of —(C,-C, alkyl) may be sub-
stituted with -T or —OH,

[0060] at least one H of -aryl, —(C,-C, alkyl)-aryl,
-heteroaryl or —(C,-C, alkyl)-heteroaryl may be sub-
stituted with -T, —OH, —CF; or —CF,H;

[0061] R” and R” are each independently —H, —(C, -
C, alkyl), -aryl or —(C,-C, alkyl)-aryl,

[0062] in R” and R”,

[0063] at least one H of —(C,-C, alkyl) may be sub-
stituted with -T or —OH,
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[0064] at least one H of -aryl or —(C,-C, alkyl)-aryl
may be substituted with -T, —OH, —CF, or —CF,H;
[0065] R” is —H, —(C,-C, alkyl),, —(C,-C, alkyl)-
OH, —(C,-C, alky])-O —
(C,-C, alkyl) —C(_O)—O(C -C, alky‘g —(C,-C,
alkyl)- C(—O —O(C,-C, alkyl), —NR R=, —(C,-C,
alkyl)-NR”R*, —S(_O)2 (C,-C, alkyl) -arvyl,
—(C,-C, alkyl)-aryl,, —(C,-C, alkenyl)-aryl,, -het-
eroaryl, —(C,-C, alkyl)-heteroaryl, —C(=—0)—(C;-
C, cycloalkyl), —(C,-C, heterocycloalkyl) or —(C, -

C, alky])-C(—=0)—(C,-C heterocycloalkyl),

[0066] 1n R",

[0067] at least one H of —(C,-C, alkyl), —(C,-C,
alkyl)-OH, —(C,-C, alkyl)-O -C,  alkyl),
—C(—0)—(C,-C, alkyl), —C(=0)—0O(C,-C,
alkyl), —(C,-C, alkyl)-C(=0)—0O(C,-C, alkyl),
—NR”R”, —(C,-C, alky])-NR”R*® or —S(=0),—

(C,-C, alkyl) may be substituted with -T,

[0068] at least one H of -aryl, —(C,-C, alkyl)-aryl,
—(C,-C, alkenyl)-aryl, -heteroaryl, —(C,-C, alkyl)-

heteroaryl, —C(=—0)—(C;-C, cycloalkyl), —(C,-Cj

heterocycloalkyl) or —(C,-C, alkyl)-C(=0)—(C,-C,
heterocycloalkyl) may be substituted with -T, —OH,
—(C,- Cé alkyl), —CF, or —CF,H;

[0069] R™ 1s —H or —(C -C, alkyl)

[0070] Qi1s —O—ora smgle bond;

[0071] = 15 a single bond or a double bond, pro-
vided that when mce=m= 15 a double bond, Y, 1s
:CH—;

[0072] a to e are each independently an integer of O, 1,
2, 3 or 4, provided that a and b may not be 0 together,
and ¢ and d may not be 0 together;

[0073] {1 1s an integer of 1 or 2; and
[0074] T is F, Cl, Br or 1.
[0075] (2) The 1,3,4-oxadiazole thiocarbonyl compound,

stereotsomers thereol or pharmaceutically acceptable salts
thereot according to above (1):

[0076] 1n formula I,

[0077] L,, L, and L, are each independently a single
bond or —(C,-C, alkylene)-;

[0078] R, 1s —(C,-C, alkyl), —(C,-C, , aryl) or —(C;-
C,, heteroaryl) including at least one heteroatom
selected from the group consisting of O, N and S,

[0079] m R,,

[0080] at least one H of —(C,-C, alkyl) may be sub-
stituted with -T or —OH,

[0081] at least one H of —(C,-C,, aryl) or —(C;-C,,

_1eteroaryl) including at least one heteroatom selected

from the group consisting of O, N and S may be each

independently substituted with -T, —CF, or —CF,H;

[0082] R, 1s —(C;-C,, heteroaryl) 1nclud1ng at least
one heteroatom selected from the group consisting of
O, N and S,

Yio Y or
\ b

[0083] R, 1s -CT; or -CT,H;

[0084] Y,, Y,, Y, and Y. are each independently
—CH—, —CHR"—, —NR"—, —O—, —C(=0)—
or —S(=—0),—;
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[0085] Y., Y. and Y, are each independently —CH—
or —N—;

[0086] Z, to Z. are each independently N or CR?,

[0087] 1n Z, to Z,_,

[0088] atleastthree of Z, to Z, may notbe N at the same
time,

[0089] R”1s —H, -T or —O(C,-C, alkyl);
[0090] R is —H, —(C,-C, alkyl), —C(=0)—(C,-C,
alkyl) or —(C,-Cg heterocycloalkyl);

[0091] simmei= 15 a single bond or a double bond, pro-
vided that when mwmem= 1s a double bond, Y, 1s
:CH—;

[0092] a to e are each independently an integer of O, 1,

2, 3 or 4, provided that a and b may not be 0 together,
and ¢ and d may not be 0 together;

[0093] {1 1s an mteger of 1 or 2; and
[0094] T 1s E, Cl, Br or 1.

0095] In the present invention,

[ P

represents a linked part of the formula.

[0096] Inthe present invention,
bond or a double bond. In other words,
as a single bond or

represents a single
e 1113y DE
as a double bond.

[0097] Inthe present invention, the “single bond™ refers to
a bond in which two atoms share a pair of electrons with a
bond formed.

[0098] In the present invention, “C,_-C * (in which m and
n are each independently an integer of 1 or more) may mean
the number of carbons, for example, “C,-C, alkyl” repre-
sents an alkyl having 1 to 4 carbon atoms.

[0099] In the present invention, “alkyl” means a linear or
branched saturated hydrocarbon group and, for example,
“C,-C, alkyl” may include methyl, ethyl, n-propyl, 1sopro-
pyl, n-butyl, sec-butyl, tert-butyl, 1sobutyl, eftc.

[0100] In the present mmvention, “alkylene” means a diva-
lent functional group derived from the defined alkyl (includ-
ing both linear and branched) and, for example, “C,-C,

alkylene” may include methylene (—CH,—), ethylene
(—CH,CH,—), n-propylene (—CH,CH,CH,—), n-buty-
lene (—CH,CH,CH,CH,—), etc.

[0101] In the present nvention, “heteroaryl” means an

aromatic functional group having at least one heteroatom 1n
a ring, and the heteroatom may include at least one selected
from the group consisting of O, N and S. The heteroaryl may
include one which has 3 to carbon atoms in the ring. The
heteroaryl may be a 4- or more membered ring, for example,
a 5- to 6-membered ring. For example, “heteroaryl” may be
furan, thiophene, thiazole, thiadiazole, pyrrole, pyrazole,
pyridine, pyrimidine, 1midazole, triazole, triazine,
pyridazine, pyrazine or the like, but 1s not limited thereto.
[0102] In the present invention, “heterocycloalkyl” means
a cyclic alkyl having at least one heteroatom 1n the ring. The
heteroatom may 1nclude at least one selected from the group
consisting of O, N and S. The heterocycloalkyl may include
one which has 3 to 10 carbon atoms in the ring. The
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heterocycloalkyl may be a 3- or more membered ring, for
example, a 3- to 6-membered ring. For example, the “het-
erocycloalkyl” may be propylene oxide, oxetane, tetrahy-
drofuran, tetrahydropyran, azetidine, morpholine, thiomor-
pholine dioxide, piperazine, piperidine, oxadiazole,
pyrrolidine, etc., but 1s not limited thereto.

[0103] In the present invention, T means a halogen atom
and may be F, Cl, Br or I.

[0104] In the present mnvention, pharmaceutically accept-
able salts may refer to the salts conventionally used 1n a
pharmaceutical industry, for example, inorganic 10on salts
prepared from calcium, potassium, sodium, magnesium and
the like; mmorganic acid salts prepared from hydrochloric
acid, nitric acid, phosphoric acid, bromic acid, 1odic acid,
perchloric acid, sulfuric acid, etc.; organic acid salts pre-
pared from acetic acid, trifluoroacetic acid, citric acid,
maleic acid, succinic acid, oxalic acid, benzoic acid, tartaric
acid, fumaric acid, mandelic acid, propionic acid, lactic acid,
glycolic acid, gluconic acid, galacturomic acid, glutamic
acid, glutaric acid, glucuronic acid, aspartic acid, ascorbic
acid, carbonic acid, vanillic acid, hydroiodic acid, etc.;
sulfonic acid salts prepared from methanesulionic acid,
cthanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic
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acid, naphthalenesulfonic acid, etc.; amino acid salts pre-
pared from glycine, arginine, lysine, etc.; amine salts pre-
pared from trimethylamine, triethylamine, ammonia, pyri-
dine, picoline, etc.; and the like, but types of salts meant 1n
the present invention are not limited to those listed salts.
[0105] ““Stereoisomer” of the 1,3,4-oxadiazole thiocarbo-
nyl compound represented by formula I of the present
invention may include a diastereomer and an optical 1somer
(enantiomer), 1n which the optical 1somer may 1nclude not
only an enantiomer but also both a mixture of the enantiomer
and even a racemate. The 1somer may be separated by being
split according to the related art, for example, column
chromatography, HPLC or the like. Alternatively, each ste-
reoisomer of the 1,3,4-oxadiazole thiocarbonyl compound
represented by formula I may be stereospecifically synthe-
sized by using a known array of optically pure starting
materials and/or reagents.
[0106] (3) The 1,3,4-oxadiazole thiocarbonyl compound,
stereo1somers thereol or pharmaceutically acceptable salts
thereol according to above (1) or (2),

[0107] 1n which the compound 1s one selected from the

group consisting of compounds 1 to 46 shown 1n table
1.

TABL.

LLd
[

Compound Structure
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TABLE 1-continued

Compound Structure

5 Ci
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Method for Preparing 1,3,4-Oxadiazole Thiocarbonyl Com-
pounds of formula I

[0108] The 1,3.4-oxadiazole thiocarbonyl compound rep-
resented by formula I, stereoisomers thereotf or pharmaceu-
tically acceptable salts thereof may be prepared according to
a preparation method represented by reaction formulas 1 to
4, and even a preparation method modified at a level
apparent to those skilled in the art may be also included
therein.

[0109] Hereinatter, in the reaction formulas, X, to X, may
be sequentially the same as 7, to Z, of formula I, and other
symbols may be represented by the same symbols as those
of formula I in the reaction formulas, and those not specifi-
cally described may be the same as defined in formula I.
Thus, any redundant description will be omatted.

[0110] In the following reaction formulas 1 to 4, the
substituent represented by “X” may mean a leaving group.

[0111] In the following reaction formulas 1 to 4, “PG™ may
represent an amine protecting group and, for example, the
PG may be a tert-butyloxycarbonyl group (BOC).

<Reaction Formula 1>

RJ_LI_NHz =+
1-1-1
X1—X4 O R3
L / \\ / —_—
/” < / N\ ____..‘N
X X, X; N
1-1-2
S
R, c1).|\c1
—_ R
/Xl A4 O 14, 14155
e :
\ / _N
L,—NH Xy X3 N
1-1-3
X|— X4 O R;
Rj L24</ \>_<\ \H/
\ / _N
L, —N X, X; N
>:S
R;
1-1-6
[0112] In the reaction formula 1, the compound of formula

1-1-4 represented by “R,” may mean a compound 1n which
a primary or secondary amine group 1s introduced into R,
which 1s a monovalent substituent, in the definition of
formula I.

[0113] According to the reaction formula 1, a compound
of formula 1-1-3 may be prepared through a substitution
reaction between a compound of formula 1-1-1 and a
compound of formula 1-1-2, after which a compound of
formula 1-1-4 and a compound of formula 1-1-5 may be
reacted to prepare a compound of formula 1-1-6.

[0114] The compound prepared by the reaction formula 1
may be compounds 1, 2, 3, 7, 33, etc.

<Reaction Formula 2>

S

c1)k(:1

_ R
/Xl X< O\r : 1-1-5
Rl L2 \ ‘ -
\ / < ; < _N
I, —NH X, X; N
1-1-3
X, X4 O R
ST
/ _N
X, X;3 N
1-2-1
X— X4 O R3
N\ N
X, Xa N
1-2-2
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X Xy O 3
/ \> <
/L24<X . \NjN(

1-2-3

[0115] In the reaction formula 2, R, may be the same as

defined as R” in formula I.

[0116] According to the reaction formula 2, a compound
of formula 1-2-1 may be prepared by reacting a compound
of formula 1-1-3, a compound of formula 1-1-3, and a spiro
compound 1nto which an amine group including a protecting
group (PC) 1s mtroduced. After that, the protecting group
may be removed to prepare a compound of formula 1-2-2,
and then a reductive amination reaction or a substitution
reaction may be performed to prepare a compound of

formula 1-2-3.
[0117] The compound prepared by the reaction formula 2

may be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 36, 37, 38, 44, 45,
46, etc.

<Reaction Formula 3>

S

Cl)I\Cl
/ \ 1-1-5 _
) %2 ST

Xl—X4

e

.: S
R4
\
PG
1-3-1
X1—X4 O R3
/7 N\__/
R L
| /24< / N\ __,...‘N
LLi—N XHr— X3 —
.: O
R>

1-4-1
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4/ \> \\I

R3

1-3-2

X|—X4 /O R3

R L.
\ /24< /N ___...‘N
L —N X, X; N

>:S

R4

\

Rs

1-3-3

[0118]

In the reaction formula 3, R, may be

(in which Y, and Y, may each independently represent
N—), and R. may be the same as defined as R” in formula

I.

[0119] According to the reaction formula 3, a compound
of formula 1-3-1 may be prepared by reacting a compound
of formula 1-1-3, a compound of formula 1-1-5, and a R,
compound 1nto which an amine group including a protecting
group (PG) 1s introduced. After that, the protecting group
may be removed to prepare a compound of formula 1-3-2,
and then a reductive amination reaction or a substitution
reaction may be performed to prepare a compound of

formula 1-3-3.

[0120] The compound prepared by the reaction formula 3
may be compounds 4, 5, 39, 40, 41, 42, 43, etc.

<Reaction Formula 4>
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X, — Xa HN— NI
R L24</ H
/ _
L —N X, =X, O
%S
R
1-4-2

[0121] According to the reaction formula 4, a compound
of formula 1-4-1 may be reacted with 2,4-bis(4-methoxy-
phenyl)-1,3,2.4-dithiadiphosphetan-2,4-disulfide  (Lawes-
son’s reagent) to prepare a compound of formula 1-4-2 or
formula 1-4-3.

[0122] Alternatively, the compound of formula 1-4-2 may
be reacted with 1-methoxy-N-triethylammoniosulionyl-
methanmimidate (Burgess reagent) to prepare the compound
of formula 1-4-3.

[0123] The compound prepared by the reaction formula 4
may be compounds 6, 8, 9, efc.

Composition Including 1,3,4-Oxadiazole Thiocarbonyl
Compound Represented by Formula I, Use Thereof and
Therapeutic Method Using the Same

[0124] The present mvention provides a pharmaceutical
composition including a 1,3,4-oxadiazole thiocarbonyl com-
pound represented by formula I, stereoisomers thereof or
pharmaceutically acceptable salts thereof as an active ingre-
dient.

[0125] In addition, the present invention provides a phar-
maceutical composition for preventing or treating histone
deacetylase 6 activity-related diseases, including a 1,3,4-
oxadiazole thiocarbonyl compound represented by formula
I, stereoisomers thereof or pharmaceutically acceptable salts
thereof as an active ingredient.

[0126] The pharmaceutical composition of the present
invention selectively inhibits histone deacetylase 6, thereby
showing a remarkable eflect on preventing or treating his-
tone deacetylase 6 activity-related diseases.

[0127] The histone deacetylase 6 activity-related diseases
may 1nclude: infectious diseases such as prion disease;
neoplasm such as benign tumor (e.g., myelodysplastic syn-
drome) or malignant tumor (e.g., multiple myeloma, lym-
phoma, leukemia, lung cancer, colorectal cancer, colon
cancer, prostate cancer, urothelial carcinoma, breast cancer,
melanoma, skin cancer, liver cancer, brain cancer, stomach
cancer, ovarian cancer, pancreatic cancer, head and neck
cancer, oral cancer or glioma); endocrinopathy, nutritional
and metabolic diseases such as Wilson’s disease, amyloido-
sis or diabetes; mental and behavioral disorders such as
depression, rett syndrome or the like; neurological diseases
such as central nervous system atrophy (e.g., Huntington’s
disease, spinal muscular atrophy (SMA), spinocerebellar
ataxia (SCA)), neurodegenerative disease (e.g., Alzheimer’s
disease), motor disorder (e.g., Parkinson’s disease), neu-
ropathy (e.g., hereditary neuropathy (Charcot-Marie-Tooth
disease), sporadic neuropathy, inflammatory neuropathy,
drug-induced neuropathy), motor neuropathy (e.g., amyo-
trophic lateral sclerosis (ALS)), central nervous system

demyelinating disease (e.g., multiple sclerosis (MS)), or the
like; eye and ocular adnexal diseases such as uveitis; circu-
latory diseases such as atrial fibrillation, stroke or the like;
respiratory diseases such as asthma; digestive troubles such
as alcoholic lhiver disease, mflammatory bowel disease,
Crohn’s disease, ulcerative bowel disease or the like:; skin
and subcutaneous tissue diseases such as psoriasis; muscu-
loskeletal system and connective tissue diseases such as
rheumatoid arthritis, osteoarthritis, systemic lupus erythe-
matosis (SLE) or the like; or teratosis, deformities and
chromosomal aberration such as autosomal dominant
polycystic kidney disease, and also may include other symp-
toms or diseases related to abnormal functions of histone
deacetylase.

[0128] For administration, the pharmaceutical composi-
tion of the present invention may further include at least one
type of a pharmaceutically acceptable carrier, in addition to
the 1,3.,4-oxadiazole thiocarbonyl compound represented by
formula I, stereoisomers thereof or pharmaceutically accept-
able salts thereof. The pharmaceutically acceptable carrier
used herein may include saline solution, sterilized water,
Ringer’s solution, buflered saline, dextrose solution, malto-
dextrin solution, glycerol, ethanol and a mixture of at least
one component thereof, and may be also used with the
addition of other conventional additives such as antioxi-
dants, buller solutions, bacteriostatic agents, etc., if needed.
In addition, diluents, dispersing agents, surfactants, binders
and lubricants may be added to be formulated 1nto injectable
dosage forms such as aqueous solutions, suspensions, emul-
sions, etc., pills, capsules, granules or tablets. Thus, the
composition of the present invention may be patches, liquid
medicines, pills, capsules, granules, tablets, suppositories,
etc. Such preparations may be prepared according to a
conventional method used for formulation 1n the art or a
method disclosed 1n Remington’s Pharmaceutical Science
(latest edition), Merck Publishing Company, Easton PA, and
such composition may be formulated into various prepara-
tions depending on each disease or component.

[0129] The composition of the present invention may be
orally or parenterally admimstered (for example, applied
intravenously, hypodermically, intraperitoneally or locally)
according to a targeted method, 1n which a dosage thereof
varies 1n a range thereol depending on a patient’s weight,
age, gender, health condition and diet, an administration
time, an adminmistration method, an excretion rate, a severity
of a disease and the like. A daily dosage of the 1,3,4-
oxadiazole thiocarbonyl compound represented by formula
I of the present invention may be about 1 to about 1000
mg/kg, preferably about 5 to about 100 mg/kg, and may be
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administered at one time a day or several times a day by
dividing the daily dosage of the compound.

[0130] In addition to the 1,3,4-oxadiazole thiocarbonyl
compound represented by formula I, stereoisomers thereof
or pharmaceutically acceptable salts thereof, the pharma-
ceutical composition of the present mnvention may further
include at least one active ingredient which shows the same
or stmilar medicinal eflects.

[0131] The present invention may provide a method for
preventing or treating histone deacetylase 6 activity-related
diseases, including administering a therapeutically eflective
amount of the 1,3,4-oxadiazole thiocarbonyl compound rep-
resented by formula I, stereoisomers thereof or pharmaceu-
tically acceptable salts thereof.

[0132] As used herein, the term “therapeutically eflective
amount” may refer to an amount of the 1,3,4-oxadiazole
thiocarbonyl compound represented by formula I, which 1s
cllective 1n preventing or treating histone deacetylase 6
activity-related diseases.

[0133] In addition, the present invention may provide a
method for selectively inhibiting HDAC6 by administering,
the 1,3,4-oxadiazole thiocarbonyl compound represented by
formula I, stereoisomers thereof or pharmaceutically accept-
able salts thereof 1into mammals including humans.

[0134] The method for preventing or treating histone
deacetylase 6 activity-related diseases according to the pres-
ent invention may include not only dealing with the diseases
per se before expression of symptoms, but also inhibiting or
avoiding such symptoms by administering the 1,3,4-oxadi-
azole thiocarbonyl compound represented by formula I. In
managing the disease, a preventive or therapeutic dose of a
certain active mgredient may vary depending on a nature
and severity of the disease or condition and a route of
administering the active mgredient. A dose and a frequency
thereof may vary depending on an individual patient’s age,
weight and reactions. A suitable dose and usage may be
casily selected by those skilled 1in the art, naturally consid-
ering such factors. In addition, the method for preventing or
treating histone deacetylase 6 activity-related diseases of the
present invention may further include admimstering a thera-
peutically eflective amount of an additional active agent,
which 1s helpful 1 treating the diseases, along with the
1,3,4-oxadiazole thiocarbonyl compound represented by
formula I, in which the additional active agent may show a
synergy effect or an adjuvant etlect together with the com-
pound of the formula I.

[0135] The present invention provides a use of the 1,3,4-
oxadiazole thiocarbonyl compound represented by formula
I, stereoisomers thereof or pharmaceutically acceptable salts
thereol in preparing a medicament for treating histone
deacetylase 6 activity-related diseases. The 1,3,4-oxadiazole
thiocarbonyl compound represented by formula I for pre-
paring a medicament may be combined with an acceptable
adjuvant, diluent, carrier, etc., and may be prepared nto a
complex agent together with other active agents, thus having
a synergy action.

[0136] Matters mentioned in the use, composition and
therapeutic method of the present mnvention may be equally
applied, 1I not contradictory to each other.

il

Advantageous Eflects of Invention

[0137] According to the present invention, the 1,3,4-oxa-
diazole thiocarbonyl compound represented by formula I,
stereoisomers thereof, or pharmaceutically acceptable salts

Jun. 27, 2024

thereol may selectively inhibit HDAC6, thus having a
remarkably excellent eflect of preventing or treating histone
deacetylase 6 activity-related diseases.

MODE FOR INVENTION

[0138] Hereiafter, the present invention will be described
in detail through preferred Examples for better understand-
ing ol the present invention. However, the following
Examples are provided only to illustrate the present inven-
tion, and thus the present invention i1s not limited thereto.

Preparation of 1,3,4-oxadiazole Thiocarbonyl
Compounds

Example 1: Synthesis of compound t, N-(4-(5-(d1i-
luoromethyl)-1,3.,4-oxadiazol-2-yl)-2-tluorobenzyl)-
N-phenylmorpholin-4-carbothioamide

10139]

P .

o

7N

~n~"
N .

X
\/\N/\ AN

L
GG oo

N

[0140] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)aniline (0.500 g, 1.566 mmol), N,N-diisopro-
pylethylamine (1.091 mL, 6.264 mmol) and thiophosgene
(0.268 g, 2.349 mmol) were dissolved in dichloromethane
(10 mL), after which the resulting solution was stirred at 0°
C. for 30 minutes and then morpholine (0.135 mL, 1.566
mmol) was added thereinto and further stirred at room
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-
pound (0.090 g, 12.8%) as a yellow o1l form.

[0141] 'H NMR (400 MHz, CDC1,) & 7.86 (dd, J=8.1, 1.3
Hz, 1H), 7.80~7.76 (m, 2H), 7.35 (t, J=7.9 Hz, 2H), 7.17-
7.11 (m, 3H), 7.05 (s, 0.25H), 6.92 (s, 0.5H), 6.79 (s, 0.25H),
5.51 (s, 2H), 3.67 (t, J=4.8 Hz, 4H), 3.51 (t, J=4.8 Hz, 4H):
LRMS (ES) m/z 449.4 (M*+1).
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Example 2: Synthesis of compound 2, N-((3-(5-
(difluoromethyl)-1,3,4-oxadiazol-2- yl)pynd111-2 -y1)
methyl)-N-phenylmorpholin-4-carbothioamide

[Step 1] Synthesis of N-((5-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)pyridin-2-yl)methyl)aniline

10142]
B
\/\NHz

Br \

7 \( P

N-_.___N

[0143] Aniline (0.294 mL, 3.221 mmol) was dissolved 1n
N,N-dimethylformamide (20 mlL) at 0° C., after which
sodium hydride (60.00%, 0.193 g, 4.832 mmol) was added

into the resulting solution and stirred at the same tempera-
ture for 30 minutes. 2-(6-(bromomethyl)pyridin-3-y1)-5-(di-
fluoromethyl)-1,3,4-oxadiazole (0.934 ¢, 3.221 mmol) was
added into the reaction mixture and further stirred at room
temperature for three hours. Solvent was removed from the
reaction mixture under reduced pressure, aiter which water
was poured into the resulting concentrate and an organic
layer was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 12 g
cartridge; ethyl acetate/hexane=0 to 50%) and concentrated
to obtain a desired title compound (0.337 g, 34.6%) as a
yellow o1l form.

[Step 2] Synthesis of Compound 2
[0144]

X

P /\/N\

\/\\r(}}/ CF,H

N-....__N

7

N
I

~q~
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-continued

X

~ /CO\V .

N-....__N

N-((5-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)pyridin-2-
yl)methyl)aniline (0.186 g, 0.615 mmol) prepared 1n step 1,
morpholine (0.053 mL, 0.615 mmol) and N,N-diisopropyl-
cthylamine (0.429 mL, 2.461 mmol) were dissolved 1n
dichloromethane (10 mL), after which thiophosgene (0.106
g, 0.923 mmol) was added to the resulting solution at 0° C.,
stirred at the same temperature for 30 minutes, and further
stirred at room temperature for 18 hours. Water was poured
into the reaction mixture and an organic layer was extracted
with dichloromethane. The organic layer was washed with
saturated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a desired title
compound (0.030 g, 11.3%) as a colorless o1l form.

[0145] 'H NMR (400 MHz, CDCl,) § 9.26 (d, J=2.1 Hz,
1H), 8.34 (dd, J=8.2, 2.2 Hz, 1H), 7.69 (d, J=8.2 Hz, 1H),
7.35 (t, I=7.9 Hz, 2H), 7.19-7.12 (m, 3H), 7.07 (s, 0.25H),
6.94 (s, 0.5H), 6.81 (s, 0.25H), 5.65 (s, 2H), 3.68 (t, I=4.7
Hz, 4H), 3.55 (t, J=4.8 Hz, 4H); LRMS (ES) m/z 432.4
(M*+1)

Example 3: Synthesis of compound 3, N-(4-(5-
(difluoromethyl)-1,3.,4-oxadiazol- 2-yl)benzyl) IN-

phenylmorpholin-4-carbothioamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)aniline

10146]

®
DN N

e
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=
\/\N \
H

= \(O% CF,H

N-.____N

-

/

_h..

\(O%CHH

N-....___N

[0147] Aniline (0.490 mL, 5.369 mmol) was dissolved 1n
N,N-dimethylformamide (20 mL) at 0° C., after which
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sodium hydride (60.00%, 0.322 g, 8.053 mmol) was added
into the resulting solution and stirred at the same tempera-
ture for 30 minutes. 2-(4-(bromomethyl)phenyl)-5-(difluo-
romethyl)-1,3,4-oxadiazole (1.552 g, 5.369 mmol) was
added into the reaction mixture and further stirred at room
temperature for three hours. Solvent was removed from the
reaction mixture under reduced pressure, aiter which water
was poured into the resulting concentrate and an organic
layer was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 12 g
cartridge; ethyl acetate/hexane=0 to 50%) and concentrated
to obtain a title compound (0.550 g, 34.0%) as a whate solid
form.

[Step 2] Synthesis of Compound 3

[0148]
X
/\OY >/CF2H
N"‘“"N
~ \
\O/
‘ X
9Q®
K\NJ\S Z \\/O>/CF2H
O\) N"“‘“‘N/
[0149] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)aniline (0.300 g, 0.996 mmol) prepared 1n step 1 and
N,N-diusopropylethylamine (0.694 mlL, 3.983 mmol) were
dissolved 1n dichloromethane (10 mL), after which morpho-
line (0.086 mL, 0.996 mmol) and thiophosgene (0.172 g,
1.494 mmol) were added to the resulting solution at 0° C.,
stirred at the same temperature for 30 minutes, and further
stirred at room temperature for 18 hours. Water was poured
into the reaction mixture and an organic layer was extracted
with dichloromethane. The organic layer was washed with
saturated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-
pound (0.100 g, 23.3%) as a colorless o1l form.

[0150] 'H NMR (400 MHz, CDCI,) 8 8.03 (d, J=8.3 Hz.
2H), 7.55 (d, J=8.2 Hz, 2H), 7.33~7.28 (m, 2H), 7.12 (,
1=7.4 Hz, 1H), 7.06-7.04 (m, 2H), 7.06 (s, 0.25H), 6.91 (s,
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0.5H), 6.78 (s, 0.25H), 3.65 (t, J=4.8 Hz, 4H), 3.50 (t, ]=4.8
Hz, 4H); LRMS (ES) m/z 431.4 (M*+1)

Example 4: Synthesis of compound 4, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-4-
methyl-N-phenylpiperazin-1-carbothioamide

[Step 1] Synthesis of tert-butyl 4-((4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)benzyl)(phenyl)carbamo-
thioyl)piperazin-1-carboxylate

[0151]
F
N .
H +
O
\ >/CF2H
N-.._._N/
N
VN
\N/
|
Boc
®
O
(\N q / \ >/CF2H
N s
[0152] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)amline (0.677 g, 2.247 mmol) prepared by the same
method as described 1 step 1 of compound 3, tert-butyl
piperazin-1-carboxylate (0.419 g, 2.247 mmol) and N,N-
dusopropylethylamine (1.565 mlL, 8.988 mmol) were dis-
solved 1n dichloromethane (10 mL), after which thiophos-
gene (0.388 g, 3.370 mmol) was added to the resulting
solution at 0° C., stirred at the same temperature for 30
minutes, and further stirred at room temperature for 18
hours. Water was poured into the reaction mixture and an
organic layer was extracted with dichloromethane. The
organic layer was washed with saturated aqueous sodium

chloride solution, dehydrated with anhydrous sodium sul-
fate, filtered, and concentrated under reduced pressure. The
resulting concentrate was purified via column chromatog-
raphy (S10,, 12 g cartridge; ethyl acetate/hexane=0 to 30%)
and concentrated to obtain a title compound (0.600 g,
50.4%) as a yellow o1l form.



US 2024/0208956 Al

[Step 2] Synthesis of N-(4-(3-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)-N-phenylpiperazin-1-car-

bothioamide
[0153]
(\ /J\/\O\r >/CF2H
N--..._N
\/\
\/\ N /\
r\ N /KS >/ CF,H
HN\) N-....__N
[0154] Tert-butyl 4-((4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)benzyl)(phenyl)carbamothioyl))piperazin-1-car-

boxylate (0.600 g, 1.133 mmol) prepared in step 1 and
trifluoroacetic acid (0.868 mL, 11.329 mmol) were dissolved
in dichloromethane (20 mL) at room temperature, after
which the resulting solution was stirred at the same tem-
perature for five hours. Solvent was removed from the
reaction mixture under reduced pressure, after which satu-
rated aqueous sodium hydrogen carbonate solution was
poured into the resulting concentrate and an organic layer
was extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. An obtained product

was used without a further purification process (0.4350 g,
92.5%, white solid).

[Step 3] Synthesis of Compound 4

[0155]
e /COY T
N""'--..._N
X
(\ /K/\O\( >/CF2H
N--..._N
[0156] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-N-phenylpiperazin-1-carbothioamide (0.200 g,
0.466 mmol) prepared 1n step 2, formaldehyde (0.028 g,
0.931 mmol) and sodium triacetoxyborohydride (0.197 g,
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0.931 mmol) were dissolved 1n dichloromethane (10 mL) at
room temperature, after which the resulting solution was
stirred at the same temperature for 18 hours. Water was
poured into the reaction mixture and an organic layer was
extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 12 g
cartridge; methanol/dichloromethane=0 to 10%) and con-
centrated to obtain a title compound (0.050 g, 24.2%) as a
colorless o1l form.

[0157] 'H NMR (400 MHz, CDCL.) & 8.05 (d, ]=8.3 Hz,
2H), 7.56 (d, J=8.3 Hz, 2H), 7.32~7.28 (m, 2H), 7.12 (i,
1=7.4 Hz, 1H), 7.04 (d, J=7.9 Hz, 2H), 7.04 (s, 0.25H), 6.91
(s, 0.5H), 6.78 (s, 0.25H), 5.52 (s, 2H), 3.69 (1, J=4.9 Hz,
4H), 2.28 (t, 1=5.0 Hz, 4H), 2.23 (s, 3H); LRMS (ES) m/z
4443 (M*+1).

Example 5: Synthesis of compound 5, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2 yl)benzyl) 4-
oxetan-3-yl)-N-phenylpiperazin-1-carbothioamide

-y phenylpip

10158]
m@)\ D

N

R

C
\/\N/\/\

\
P 0
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N--..._N

R
s
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[0159] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-N-phenylpiperazin-1-carbothioamide (0.200 g,
0.466 mmol) prepared by the same method as described 1n
step 2 of compound 4, 3-oxetanone (0.055 mL, 0.931 mmol)
and sodium triacetoxyborohydride (0.197 g, 0.931 mmol)
were dissolved 1in dichloromethane (10 mL) at room tem-
perature, after which the resulting solution was stirred at the
same temperature for 18 hours. Water was poured into the
reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a

title compound (0.100 g, 44.2%) as a colorless o1l form.

[0160] 'H NMR (400 MHz, CDCl,) & 8.04 (d, J=8.3 Hz.
2H), 7.55 (d, J=8.2 Hz, 2H), 7.32~7.28 (m, 2H), 7.14~7.10
(m, 1H), 7.04~7.02 (m, 2H), 7.04 (s, 0.25H), 6.91 (s, 0.5H).
6.78 (s, 0.25H), 5.51 (s, 2H), 4.62 (t, J=6.6 Hz, 2H), 4.52 (t.
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J=6.1 Hz, 2H), 3.70 (t, J=4.9 Hz, 4H), 3.44~3.38 (m, 1H),
2.19 (1, J=5.0 Hz, 4H); LRMS (ES) m/z 486.4 (M*+1).

Example 6: Synthesis of compound 6, N-({5-(3-
(difluoromethyl)-1,3,4-oxadiazol-2- yl)pynd1n-2-yl)
methyl)-N-phenylthiomorpholin-4-carbothioamide

1,1-dioxade
[0161]
OZS N-...__N
r\ /Q\OY >/CF2H
OgS N--...N

[0162] N-((5-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)
pyridin-2-yl)methyl)-N-phenylthiomorpholin-4-carboxam-
ide 1,1-dioxade (0.200 g, 0.432 mmol) and 2,4-bis(4-
methoxyphenyl)-1,3,2,4-dithiadiphosphetan-2,4-disulfide
(Lawesson’s reagent, 0.175 g, 0.432 mmol) were dissolved
in toluene (20 mL) at 110° C., after which the resulting
solution was stirred at the same temperature for 18 hours to
complete the reaction by lowering a temperature to room
temperature. Water was poured 1nto the reaction mixture and
an organic layer was extracted with ethyl acetate. The
organic layer was washed with saturated aqueous sodium
chloride solution, dehydrated with anhydrous sodium sul-
tate, filtered, and concentrated under reduced pressure. The
resulting concentrate was purified via column chromatog-
raphy (S10,, 12 g cartridge; ethyl acetate/hexane=0 to 30%)
and concentrated to obtain a title compound (0.027 g,
13.0%) as a yellow solid of a foam type.

[0163] 'H NMR (400 MHz, CDCl,) & 9.27 (d, J=2.0 Hz,
1H), 8.41 (dd, J=8.2, 2.2 Hz, 1H), 7.62 (d, J=8.2 Hz, 1H),
7.41 (1, I=7.9 Hz, 2H), 7.28-7.21 (m, 3H), 7.09 (s, 0.25H),
6.96 (s, 0.5H), 6.83 (s, 0.25H), 5.62 (s, 2H), 4.11~4.06 (m,
4H), 2.97 (1, J=5.2 Hz, 4H); LRMS (ES) m/z 480.3 (M*+1).

Example 7: Synthesis of compound 7, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zy1)-4-methyl-N-phenylpiperazin-1-carbothioamide

[0164]
R
S

NP

‘

\/\(O% CF,H

N--.....N

.
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-continued
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\/\N N
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[0165] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)aniline (0.200 g, 0.626 mmol) and N,N-diiso-
propylethylamine (0.218 mL, 1.253 mmol) were dissolved
in dichloromethane (4 mL) at 0° C., after which thiophos-
gene (0.053 mL, 0.689 mmol) was added into the resulting
solution and stirred at the same temperature. 1-methylpip-
erazine (0.084 mL, 0.752 mmol) was added into the reaction
mixture and further stirred at room temperature for 18 hours.
Saturated aqueous sodium chloride solution was poured 1nto
the reaction mixture, an organic layer was extracted with
dichloromethane, filtered via a plastic filter to remove a solid
residue and an aqueous solution layer therefrom, and con-
centrated under reduced pressure. The resulting concentrate
was purified via column chromatography (510,, 4 g car-
tridge; methanol/dichloromethane=0 to 2.5%) and concen-
trated to obtain a product, after which the resulting product
was purifiled again wvia chromatography (510, plate,
20x20x1 mm; methanol/dichloromethane=3%) and concen-
trated to obtain a desired compound (0.034 g, 11.8%) as a
yellow o1l form.

[0166] ‘H NMR (400 MHz, CDCIL,) & 7.87 (d, J=1.4 Hz.
1H), 7.85-7.76 (m, 2H), 7.35-7.28 (m, 2H), 7.15-7.11 (m,
3H), 6.89 (t, J=51.7 Hz, 1H), 5.52 (s, 2H), 3.68 (t, J=5.0 Hz,
4H), 2.26 (t, 1=5.0 Hz, 4H), 2.07 (s, 3H); LRMS (ES) m/z
462.3 (M*+1).

Example 8: Synthesis of compound 8, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zyl)-7-methyl-N-phenyl-7-azaspiro[3.5|nonan-2-

carbothioamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-N-phenyl-7/-
azaspiro[3.5]nonan-2-carbothioamide

S

O \ >/CF2H

N"""--.N

10167]

Bc:c'f
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-continued
X F
N
O
S \ >/CF2H
N-..__N
HN
[0168] Tert-butyl 2-((4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)-2-fluorobenzyl)(phenyl)carbamoyl)-7-azaspiro
|3.5]nonan-"7-carboxylate (0.110 g, 0.193 mmol) and 2.4-
bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetan-2,4-
disulfide (Lawesson’s reagent, 0.117 g, 0.289 mmol) were
dissolved 1n toluene (10 mL) at 110° C., after which the
resulting solution was stirred at the same temperature for 18
hours to complete the reaction by lowering a temperature to
room temperature. Water was poured 1nto the reaction mix-
ture and an organic layer was extracted with ethyl acetate.
The organic layer was washed with saturated aqueous
sodium chloride solution, dehydrated with anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting concentrate was purified via column

chromatography (510,, 12 g cartridge; methanol/dichlo-
romethane=0 to 10%) and concentrated to obtain a ftitle

compound (0.077 g, 82.1%) as a brown o1l form.

[Step 2] Synthesis of Compound 8
[0169]

F

X

_h-

N"'---....,N

P

N

O

\ >/CF2H

Ny

/N

[0170] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-N-phenyl-7-azaspiro[3.5 Jnonan-2-carbothio-
amide (0.077 g, 0.158 mmol) prepared 1n step 1, formalde-
hyde (0010 g, 0317 mmol) and sodium
triacetoxyborohydride (0.067 g, 0.317 mmol) were dis-
solved 1n dichloromethane (10 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
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aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.035 g, 44.2%) as a white solid form.

[0171] 'H NMR (400 MHz, CDCl,) 7.88 (d, J=8.0 Hz,
1H), 7.73~7.72 (m, 2H), 7.39~7.38 (m, 3H), 7.05 (s, 0.25H),
6.98~6.97 (m, 2H), 6.92 (s, 0.5H), 6.79 (s, 0.25H), 5.72 (s,
2H), 3.26~3.22 (m, 1H), 3.10~2.90 (m, 2H), 2.67 (s, 3H),
2.40~2.24 (m, 2H), 2.06~ 2.02 (m, 4H), 1.76~1.74 (m, 4H);
LRMS (ES) m/z 501.5 (M*+1).

Example 9: Synthesis of compound 9, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-tfluoroben-
zyl)-N-phenylpyridin-4-carbothioamide

[Step 1] Synthesis of N-(4-(2-(2,2-difluoroacetyl)
hydrazin-1-carbonyl)-2-fluorobenzyl)-N-phenylpyri-
din-4-carbothioamide

10172]

)
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N
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N / O

[0173] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-phenylisonicotinamide (0.414 g, 0.976
mmol) and 2.4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphos-
phetan-2.,4-disulfide (Lawesson’s reagent, 0.592 g, 1.463
mmol) were dissolved in toluene (10 mL) at 110° C., after
which the resulting solution was stirred at the same tem-
perature for 18 hours to complete the reaction by lowering
a temperature to room temperature. Water was poured into
the reaction mixture and an organic layer was extracted with
cthyl acetate. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.14 g, 31.3%) as a brown o1l form.
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[Step 2] Synthesis of Compound 9

[0174]
()]
\/\ N ‘ \ 0O
H ##ﬂkk
N /J\s Z \’(N\E CF,H
N\/ O
N-....._N
[0175] N-(4-(2-(2,2-difluoroacetyl)hydrazin-1-carbonyl)-

2-tluorobenzyl)-N-phenylpyridin-4-carbothioamide (0.140
g 0.305 mmol) prepared 1 step 1 and 1-methoxy-N-
triethylammomosulionyl-methanimidate (Burgess reagent,
0.109 g, 0.458 mmol) were mixed in tetrahydrofuran (10
mlL), irradiated with microwave, and heated at 150° C. for
30 minutes to complete the reaction by lowering a tempera-
ture to room temperature. Water was poured 1nto the reaction
mixture and an organic layer was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dehydrated with anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 40%) and concentrated to obtain a title com-
pound (0.060 g, 44.6%) as a brown o1l form.

[0176] "H NMR (400 MHz, CDCL,) 8 8.39 (d, J=5.8 Hz,
2H), 7.94~7.71 (m, 3H), 7.20~7.11 (m, 5H), 7.06 (s, 0.25H),
6.99~6.94 (m, 2H), 6.94 (s, 0.5H), 6.80 (s, 0.25H), 5.88 (s,
2H); LRMS (ES) m/z 441.4 (M™+1).

Example 10: Synthesis of compound 10, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
7y 1)-6- methyl-N-phenyl 2,6-diazaspiro[3.3 Jheptan-
2-carbothioamide

[Step 1] Synthesis of tert-butyl 6-((4-(3-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl }(phenyl)
carbamothioyl)-2,6-diazaspiro[3.3]heptan-2-car-

boxylate
[0177]
® |
P O
: >/ CF-H
N-..._,_N
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[0178] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)aniline (0.500 g, 1.566 mmol), tert-butyl 2,6-
diazaspiro[3.3 |heptan-2-carboxylate hemioxalate (0.457 g,
0.940 mmol), thiophosgene (0.132 mlL, 1.723 mmol) and
N,N-diuisopropylethylamine (0.546 mL, 3.132 mmol) were
dissolved 1n dichloromethane (5 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=10 to 70%) and concentrated to obtain a desired
compound (0.433 g, 49.4%) as an orange o1l form.

[Step 2] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-N-phenyl-2,6-
diazaspiro[3.3]heptan-2-carbothioamide

S

A

10179]

0
.-»‘""
L
N /\‘)\
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/DC/ I}?/CFH

[0180] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-y1)-2-fluorobenzyl)(phenyl)carbamothioyl)-2,6-diaz-
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aspiro[ 3.3 Jheptan-2-carboxylate (0.433 g, 0.774 mmol) pre-
pared 1n step 1 and trifluoroacetic acid (0.415 mL, 5.416
mmol) were dissolved 1n dichloromethane (5 mL) at room
temperature, alter which the resulting solution was stirred at
the same temperature for five hours. Saturated aqueous
sodium hydrogen carbonate solution was poured into the
reaction mixture, an organic layer was extracted with dichlo-
romethane, filtered via a plastic filter to remove a solid
residue and an aqueous solution layer therefrom, and con-
centrated under reduced pressure. An obtained product was
used without a further purification process (0.340 g, 95.6%,
yellow solid).

[Step 3] Synthesis of Compound 10
[0181]

R

X
RN

CFzH
HN NHN
» |
N
/K O
N S \ >/CF2H
N--...._N/
N
-~
[0182] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-phenyl-2,6-diazaspiro[3.3 Jheptan-2-carbo-
thioamide (0.150 g, 0.326 mmol) prepared in step 2 and
tformaldehyde (38.00% solution, 0.036 mlL, 0.490 mmol)
were dissolved 1n dichloromethane (4 mL) at room tempera-
ture, after which sodium triacetoxyborohydride (0.138 g,
0.653 mmol) was added to the resulting solution and stirred
at the same temperature for 18 hours. Saturated aqueous
sodium hydrogen carbonate solution was poured into the
reaction mixture, an organic layer was extracted with dichlo-
romethane, filtered via a plastic filter to remove a solid
residue and an aqueous solution layer therefrom, and con-
centrated under reduced pressure. The resulting concentrate
was purified via column chromatography (510,, 4 g car-
tridge; methanol/dichloromethane=0 to 10%) and concen-
trated to obtain a desired compound (0.107 g, 69.2%) as a
light yvellow o1l form.

[0183] 'H NMR (400 MHz, CDCl,) & 7.95 (t, J=7.6 Hz,
1H), 7.87 (dd, J=8.1, 1.5 Hz, 1H), 7.68 (dd, J=9.9, 1.5 Hz.
1H), 7.34-7.32 (m, 2H), 7.28-7.24 (m, 1H), 7.13-7.10 (m,
2H), 6.91 (t, J=51.7 Hz, 1H), 5.63 (s, 2H), 3.74 (brs, 4H),
3.18 (s, 4H), 2.22 (s, 3H); LRMS (ES) m/z 474.4 (M*+1).
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Example 11: Synthesis of compound 11, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2- ﬂuoroben—
zyl)-6-(oxetan-3-yl)-N-phenyl-2,6-diazaspiro[3.3]

heptan-2-carbothioamide

[0184]

R

X
NN

CFZH
HN NHN
» |
N
K O
N S \ >/CF2H
N
N N
[T
[0185] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-N-phenyl-2,6-diazaspiro[3.3 |heptan-2-carbo-
thioamide (0.150 g, 0.326 mmol) prepared by the same
method as described 1n step 2 of compound 10 and 3-oxet-
anone (0.029 mL, 0.490 mmol) were dissolved in dichlo-
romethane (4 mL) at room temperature, aiter which sodium
triacetoxyborohydride (0.138 g, 0.653 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured into the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
romethane=0 to 2.5%) and concentrated to obtain a product,
after which the resulting product was purified again via
chromatography (510,, 4 g cartnndge; ethyl acetate/
hexane=30 to 100%) and concentrated to obtain a desired
compound (0.062 g, 36.8%) as a light yellow solid form.

[0186] 'H NMR (400 MHz, CDCL,) & 7.94 (t, 1=7.6 Hz,
1H), 7.87 (dd, J=8.1, 1.4 Hz, 1H), 7.67 (dd, J=9.9, 1.4 Hz,
1H), 7.35-7.31 (m, 2H), 7.29-7.26 (m, 1H), 7.13-7.11 (m,
2H), 6.91 (t, J=51.7 Hz, 1H), 5.63 (s, 2H), 4.63 (t, J=6.6 Hz,
2H), 4.37 (t, J=5.9 Hz, 2H), 3.84-3.80 (m, 5H), 3.26 (s, 4H);
LRMS (ES) m/z 516.5 (M*+1).
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Example 12: Synthesis of compound 12, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zy1)-N-(2,4-difluorophenyl)-6-methyl-2,6-diazaspiro
|3.3]heptan-2-carbothioamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-2,4-difluoroani-

line
[0187]
b G /F
N
A \NH2
b
Br
O
: >/CFQH
N-...._N
b b
I
N X
o
y O
\( >/CF2H
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[0188] 2,4-difluoroaniline (0.500 g, 3.873 mmol), 2-(4-

(bromomethyl)-3-fluorophenyl)-3-(difluoromethyl)-1,3,4-

oxadiazole (1.189 g, 3.873 mmol) and potassium carbonate
(1.070 g, 7.745 mmol) were dissolved in acetonitrile (20
mlL) at 50° C., after which the resulting solution was stirred
at the same temperature for 18 hours to complete the
reaction by lowering a temperature to room temperature.
Water was poured into the reaction mixture and an organic
layer was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 40 g
cartridge; ethyl acetate/hexane=0 to 30%) and concentrated
to obtain a title compound (1.100 g, 80.0%) as a white solid

form.

[Step 2] Synthesis of tert-butyl 6-((4-(35-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(2.4-
difluorophenyl)carbamothioyl)-2,6-diazaspiro[3.3]

heptan-2-carboxylate

[0189]

N AN
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\
F
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[0190] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-2.,4-difluoroaniline (0.843 g, 2.373 mmol)
prepared 1 step 1, N,N-dusopropylethylamine (1.653 mL,
9.491 mmol) and thiophosgene (0.704 g, 2.373 mmol) were
dissolved in dichloromethane (20 mlL), after which the
resulting solution was stirred at 0° C. for 30 minutes and
then tert-butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate
hemioxalate (0.577 g, 1.186 mmol) was added thereinto and
turther stirred at room temperature for 18 hours. Water was
poured into the reaction mixture and an organic layer was
extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 12 g
cartridge; ethyl acetate/hexane=0 to 50%) and concentrated
to obtain a title compound (0.200 g, 14.2%) as a colorless o1l
form.

[Step 3] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl )-N-(2,4-difluoro-
phenyl)-2,6-diazaspiro[3.3]heptan-2-carbothicamide
2,2, 2-trifluoroacetate

[0191]
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[0192] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)(2,4-difluorophenyl)carbamo-

thioyl)-2,6-diazaspiro[3.3 Jheptan-2-carboxylate (0.084 g,
0.141 mmol) prepared in step 2 was dissolved in dichlo-
romethane (10 mL) at room temperature, atter which the
resulting solution was stirred at the same temperature for 18
hours. Solvent was removed from the reaction mixture under
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dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated waith
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 30%) and concentrated to obtain a

title compound (0.020 g, 28.5%) as a yellow o1l form.

[0195] 'H NMR (400 MHz, CDCL,) & 8.01 (t, J=7.6 Hz,
1H), 7.87 (dd, J=8.1, 1.2 Hz, 1H), 7.67 (dd, ]=9.9, 1.2 Hz,
1H), 7.07~7.01 (m, 1H), 7.04 (s, 0.25H). 6.92 (s, 0.5H),
6.92~6.82 (m, 2H), 6.79 (s, 0.25H), 5.55 (s, 2H), 3.84 (s.
4H), 3.41 (s, 4H), 2.34 (s, 3H); LRMS (ES) m/z 510.5

(M*+1).

Example 13: Synthesis of compound 13, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2- ﬂuoroben—
zy1)-N-(3,4-difluorophenyl)-6-methyl-2,6-diazaspiro
[3.3]heptan-2-carb0thjoamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-3,4-difluoroani-

reduced pressure, after which a product obtained was used line
without a further purification process (0.084 g, 97.7%, 0196]
yellow o1l).
[Step 4] Synthesis of Compound 12 0
N
[0193] N
PN NH,
b I3
N
Br ‘ X
/g Y
CF.H
CFEH >/
N~
N
N
HN I3
O PN
)‘k ' E/\ N
HO CF; ‘ P
N-..._N
N
. /K O [0197] 3.4-difluoroaniline (0.500 g, 3.873 mmol), 2-(4-
> \ >/CF2H (bromomethyl)-3-fluorophenyl)-3-(difluoromethyl)-1,3.4-
N oxadiazole (1. , 3. mmol) and potassium carbonate
““-N/ diazole (1.189 g, 3.873 1) and p 1 b
/N (1.070 g, 7.745 mmol) were dissolved 1n acetonitrile (20
ml) at 50° C., after which the resulting solution was stirred
at the same temperature for 18 hours to complete the
-(4-(O-(dilluoromet -1,53,4-0xXadiazol-2-yl)-2- reaction owering a temperature to room temperature.
[0194] N-(4-(5-(difl hyl)-1,3,4 diazol-2-yl)-2 1on by 1 Ng P P

fluorobenzyl)-N-(2,4-difluorophenyl)-2,6-diazaspiro[3.3]

heptan-2-carbothioamide 2,2,2-trifluoroacetate (0.084 g,
0.138 mmol) prepared 1n step 3, N,N-diisopropylethylamine
(0.024 mL, 0.138 mmol), sodium triacetoxyborohydride
(0.058 g, 0.276 mmol) and formaldehyde (0.008 g, 0.276

mmol) were dissolved 1n dichloromethane (10 mL) at room
temperature, alter which the resulting solution was stirred at
the same temperature for 18 hours. Water was poured 1nto
the reaction mixture and an organic layer was extracted with

Water was poured into the reaction mixture and an organic
layer was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 40 g
cartridge; ethyl acetate/hexane=0 to 30%) and concentrated
to obtain a title compound (0.880 g, 64.0%) as a white solid
form.
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[Step 2] Synthesis of tert-butyl 6-((4-(3-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(3.,4-
difluorophenyl)carbamothioyl)-2,6-diazaspiro[3.3]
heptan-2-carboxylate

[0198]
E
~NF ‘ .
F/\ N/\ A
H ‘ 1
S O
\ >/CF2H
N-....__N
gt
BGC/N /f/NH
N —_—
BDG/ O
OH
HOJ\H/
O
F
= ‘ 0
. A \N/\‘ NN
O
N-..__N/
N
BDC/
[0199] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-3.,4-difluoroaniline (0.756 g, 2.128 mmol)
prepared 1n step 1, N,N-dusopropylethylamine (1.483 mlL,
8.512 mmol) and thiophosgene (0.631 g, 2.128 mmol) were
dissolved in dichloromethane (20 mlL), after which the
resulting solution was stirred at 0° C. for 30 minutes and
then tert-butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate
hemioxalate (0.518 g, 1.064 mmol) was added thereinto and
turther stirred at room temperature for 18 hours. Water was
poured into the reaction mixture and an organic layer was
extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 12 g
cartridge; ethyl acetate/hexane=0 to 50%) and concentrated

to obtain a title compound (0.200 g, 15.8%) as a colorless o1l
form.
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[Step 3] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl )-N-(3,4-difluoro-
phenyl)-2,6-diazaspiro[3.3]heptan-2-carbothicamide
2,2 2-trifluoroacetate

10200]
F
QO
F
BGG'#
F
F
HN

’q o

\N N

N
\
\
N/J\S = \(O% CF,II
CF

N
7z
)g
O
HO)‘\ \

[0201] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yI)-2-fluorobenzyl)(3,4-difluorophenyl)carbamo-
thioyl)-2,6-diazaspiro[3.3]heptan-2-carboxylate (0.140 g,
0.235 mmol) prepared in step 2 and trifluoroacetic acid
(0.180 mL, 2.351 mmol) were dissolved 1n dichloromethane
(10 mL) at room temperature, after which the resulting
solution was stirred at the same temperature for 18 hours.
Solvent was removed from the reaction mixture under
reduced pressure, after which a product obtained was used
without a further purification process (0.140 g, 97.7%,
yellow o1l).

[Step 4] Synthesis of Compound 13

10202]
F
F

F N

/K O

N S \ >/CF2H .
N NN
O
HO)J\CFg
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[0203] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-(3,4-difluorophenyl)-2,6-diazaspiro[3.3]
heptan-2-carbothioamide 2.2,2-trifluoroacetate (0.140 g,
0.230 mmol) prepared 1n step 3, N,N-diisopropylethylamine
(0.040 mL, 0.230 mmol), sodium triacetoxyborohydride
(0.097 g, 0.459 mmol) and formaldehyde (0.014 g, 0.439
mmol) were dissolved 1n dichloromethane (10 mL) at room
temperature, after which the resulting solution was stirred at
the same temperature for 18 hours. Water was poured into
the reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated sodium chloride aqueous solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 30%) and concentrated to obtain a
title compound (0.060 g, 51.3%) as a yellow o1l form.
[0204] 'H NMR (400 MHz, CDCl,) 8 7.93~7.88 (m, 2H),
7.72 (d, JI=10.2 Hz, 1H), 7.14 (dd, J=18.0, 8.9 Hz, 1H), 7.05
(s, 0.25H), 7.01~6.96 (m, 1H), 6.94 (s, 0.5H), 6.88~6.86 (1m,
1H), 6.79 (s, 0.25H), 5.56 (s, 2H), 4.00~3.70 (m, 4H), 3.36
(s, 4H), 2.36 (s, 3H); LRMS (ES) m/z 510.5 (M™+1).

Example 14: Synthesis of compound 14, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(3-
fluorophenyl)-6- methyl 2,6-diazaspiro[3.3]heptan-2-
carbothioamide

[Step 1] Synthesis of N-(4-(3-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)-N-(3-fluorophenyl)-2,6-
diazaspiro[3.3]heptan-2-carbothioamide

[0205]

SON
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O
N CEF>H
o Ly
BDGx
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[0206] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)benzyl)(3-fluorophenyl)carbamothioyl)-2,6-diaz-
aspiro[ 3.3 Jheptan-2-carboxylate (0.500 g, 0.893 mmol) and
tritfluoroacetic acid (0.479 mL, 6.254 mmol) were dissolved
in dichloromethane (5 mL) at room temperature, aiter which
the resulting solution was stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. An obtained product was used without a further
purification process (0.361 g, 93.7%, yellow solid).

[Step 2] Synthesis of Compound 14

[0207]
b
)\ >/CF2H

HN NH‘N

F N ‘ X

)\ O
N
~

[0208] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-N-(3-fluorophenyl)-2,6-diazaspiro[3.3 Jheptan-2-
carbothioamide (0.100 g, 0.218 mmol) prepared 1n step 1
and formaldehyde (38.00% solution, 0.024 mlL, 0.326
mmol) were dissolved 1n dichloromethane (4 mL) at room
temperature, after which sodium triacetoxyborohydride
(0.092 g, 0.435 mmol) was added to the resulting solution
and stirred at the same temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture, an organic layer was extracted
with dichloromethane, filtered via a plastic filter to remove
a solid residue and an aqueous solution layer therefrom, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 4 ¢
cartridge; methanol/dichloromethane=0 to 5%) and concen-
trated to obtain a desired compound (0.038 g, 36.9%) as a
white solid form.

[0209] 'H NMR (400 MHz, CDCl,) & 8.04 (d, J=8.2 Hz.
2H), 7.54 (d, J=8.2 Hz, 2H), 7.32-7.26 (m, 1H), 7.05-6.79
(m, 4H), 5.55 (s, 2H), 3.83 (brs, 4H), 3.25 (s, 4H), 2.27 (s.
3H); LRMS (ES) m/z 474.7 (M*+1).
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Example 15: Synthesis of compound 15, N-(4-(3-

(difluoromethyl)-1,3,4-oxadiazol-2- yl)benzyl) N-(3-

fluorophenyl)-6-(oxetan-3-yl)-2,6-diazaspiro[3.3]
heptan-2-carbothioamide

[0210]
/\‘
AN
O
N S CF,H
/j:/ )
HN TN
/\‘
F/\/\N/\‘/'\
\/\“/O>/CF2H
N--..._,N/
[0211] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-N-(3-fluorophenyl)-2,6-diazaspiro[3.3 | heptan-2-
carbothioamide (0.100 g, 0.218 mmol) prepared by the same
method as described in step 1 of compound 14 and 3-oxet-
anone (0.021 mL, 0.326 mmol) were dissolved 1n dichlo-
romethane (4 mL) at room temperature, aiter which sodium
triacetoxyborohydride (0.092 g, 0.435 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
romethane=0 to 2.5%) and concentrated to obtain a desired
compound (0.046 g, 41.0%) as a light yellow solid form.

[0212] 'H NMR (400 MHz, CDCL,) 8 8.03 (d, J=8.2 Hz.
2H), 7.53 (d, J=8.2 Hz, 2H), 7.33-7.27 (m, 1H), 7.05-6.79
(m, 4H), 5.55 (s, 2H), 4.65 (t, J=6.7 Hz, 2H), 4.40 (t, I=5.9
Hz, 2H), 3.87 (brs, 4H), 3.66-3.63 (m, 1H), 3.30 (s, 4H):;
LRMS (ES) m/z 516.7 (M*+1).

Example 16: Synthesis of compound 16, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(3-
fluorophenyl)-6-1sopropyl-2,6-diazaspiro[ 3.3 |hep-

tan-2-carbothioamide

[0213]
/\‘
N

F/\/\N N

\(O% CF-H

N-....___N
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[0214] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-N-(3-fluorophenyl)-2,6-diazaspiro[3.3 |heptan-2-

carbothioamide (0.100 g, 0.218 mmol) prepared by the same
method as described 1n step 1 of compound 14 and acetone
(0.024 mL, 0.326 mmol) were dissolved in dichloromethane
(4 mL) at room temperature, atter which sodium triacetoxy-
borohydride (0.092 g, 0.435 mmol) was added to the result-
ing solution and stirred at the same temperature for 18 hours.
Saturated aqueous sodium hydrogen carbonate solution was
poured into the reaction mixture, an organic layer was
extracted with dichloromethane, filtered via a plastic filter to
remove a solid residue and an aqueous solution layer there-
from, and concentrated under reduced pressure. The result-
ing concentrate was purified via column chromatography
(510,, 12 g cartridge; methanol/dichloromethane=0 to 5%)

and concentrated to obtain a desired compound (0.028 g,
25.7%) as a white solid form.

[0215] 'H NMR (400 MHz, CDCl,) & 8.03 (d, ]=8.2 Hz,
2H), 7.54 (d, J=8.1 Hz, 2H), 7.31-7.26 (m, 1H), 7.05-6.79
(m, 4H), 5.55 (s, 2H), 3.83 (brs, 4H), 3.22 (s, 4H), 2.23-2.15
(m, 1H), 0.90 (d, J=6.0 Hz, 6H); LRMS (ES) m/z 502.7
(M*+1).

Example 17: Synthesis of compound 17, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-tfluoroben-
zy1)-N-(4-fluorophenyl)-6-methyl-2,6-diazaspiro| 3.
3 Jheptan-2-carbothioamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl )-4-fluoroaniline

10216]
F
_I_
NH,
F
Br
0O
\ >/CF2H
N yf
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[0217] 4-fluoroaniline (1.000 g, 8.999 mmol) and sodium
hydride (60.00%, 0.378 g, 9.449 mmol) were dissolved in
N,N-dimethylformamide (30 mL) at 0° C., after which
2-(4-(bromomethyl)-3-fluorophenyl)-5-(difluvoromethyl)-1,
3.4-oxadiazole (2.902 g, 9.449 mmol) was added into the
resulting solution and stirred at room temperature for 18
hours. Solvent was removed from the reaction mixture under
reduced pressure, alter which saturated aqueous sodium
hydrogen carbonate solution was poured into the resulting
concentrate and an organic layer was extracted with ethyl
acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dehydrated with anhydrous
magnesium sulfate, filtered, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (510,, 24 g cartridge; ethyl acetate/
hexane=5 to 20%) and concentrated to obtain a desired
compound (1.360 g, 44.8%) as a yellow solid form.

[Step 2] Synthesis of tert-butyl 6-((4-(5-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(4-tluo-

rophenyl)carbamothioyl)-2,6-diazaspiro[3.3 Jheptan-
2-carboxylate

(0218]
F
\ N
H +
O
: >/CF2H
N-...._N
O
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[0219] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-4-fluoroaniline (1.000 g, 2.965 mmol) pre-
pared in step 1 and N,N-dusopropylethylamine (1.549 mL,
8.895 mmol) were dissolved 1n dichloromethane (30 mL) at
0° C., after which thiophosgene (0.227 mL, 2.965 mmol)
was added 1nto the resulting solution and stirred at the same
temperature. Tert-butyl 2,6-diazaspiro[3.3 Jheptan-2-car-
boxylate hemioxalate (0.866 g, 1.779 mmol) was added 1nto
the reaction mixture and further stirred at room temperature
for 18 hours. Saturated agqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (510,, 12 g cartridge; ethyl acetate/

hexane=10 to 30%) and concentrated to obtain a desired
compound (1.220 g, 71.2%) as a light yellow solid form.

[Step 3] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-N-(4-fluorophe-
nyl)-2,6-diazaspiro[3.3]heptan-2-carbothicamide

10220]
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[0221] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)(4-tluorophenyl)carbamothioyl)-
2,6-diazaspiro[3.3 ]heptan-2-carboxylate (1.220 g, 2.112
mmol) prepared 1n step 2 and trifluoroacetic acid (1.132 mL,
14.785 mmol) were dissolved 1n dichloromethane (50 mL)
at room temperature, after which the resulting solution was
stirred at the same temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture and an organic layer was extracted
with dichloromethane. The organic layer was washed with
saturated aqueous sodium chloride solution, dehydrated with
anhydrous magnesium sulfate, filtered, and concentrated
under reduced pressure. An obtained product was used
without a further purification process (0.964 g, 95.6%, light
yellow solid).
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[Step 4] Synthesis of Compound 17 _continued
I
0222] \/\‘ F
= F ‘
‘ N S 7 ; CF,H
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N S Y >/CF2H Y
HN NHN
K [0226] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
F fluorobenzyl)-N-(4-fluorophenyl)-2,6-diazaspiro[ 3.3 Jhep-
tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared by the
N X same method as described 1n step 3 of compound 17 and
/K ‘ acetone (0.023 mL, 0.314 mmol) were dissolved 1n dichlo-
N ‘ F romethane (4 mL) at room temperature, after which sodium
>/CF2H triacetoxyborohydride (0.089 g, 0.419 mmol) was added to
N-.___,N the resulting solution and stirred at the same temperature for
/N 18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
| | layer was extracted with dichloromethane, filtered via a
[0223]  N-(4-(5-(ditluoromethyl)-1,3,4-oxad1azol-2-y1)-2- plastic filter to remove a solid residue and an aqueous

fluorobenzyl)-N-(4-tfluorophenyl)-2,6-diazaspiro[ 3.3 [hep-
tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared in
step 3 and formaldehyde (38.00% solution, 0.023 mL, 0.314
mmol) were dissolved 1n dichloromethane (4 mL) at room
temperature, after which sodium triacetoxyborohydride
(0.089 g, 0.419 mmol) was added to the resulting solution
and stirred at the same temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture, an organic layer was extracted
with dichloromethane, filtered via a plastic filter to remove
a solid residue and an aqueous solution layer therefrom, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 4 g
cartridge; methanol/dichloromethane=0 to 5%) and concen-
trated to obtain a desired compound (0.037, 35.9%) as a
white solid form.

[0224] "H NMR (400 MHz, CDCL,) 6 7.95 (1, J=7.5 Hz,
1H), 7.88 (d, J=8.1 Hz, 1H), 7.68 (d, 1=9.9 Hz, 1H),
7.10-7.08 (m, 2H), 7.07-6.79 (m, 3H), 5.60 (s, 2H), 3.78
(brs, 4H), 3.20 (s, 4H), 2.23 (s, 3H); LRMS (ES) m/z 492.7
(M™+1).

Example 18: Synthesis of compound 18, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-

zy1)-N-(4-tluorophenyl)-6-1sopropyl-2,6-diazaspiro
|3.3]heptan-2-carbothioamide

(0225
‘ = ‘ F
A Ny N

\(O>/ CF,H

N-...__N

solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
romethane=0 to 3%) and concentrated to obtain a desired

compound (0.030 g, 27.6%) as a light yellow solid form.
[0227] 'H NMR (400 MHz, CDCL,) & 7.94 (t, I=7.6 Hz,

1H), 7.87 (d, J=8.1 Hz, 1H), 7.68 (d, J=9.9 Hz, 1H),
7.10-7.06 (m, 2H), 7.02-6.79 (m, 3H), 5.59 (s, 2H), 3.72
(brs, 4H), 3.19 (s, 4H), 2.20-2.17 (m, 1H), 0.86 (d, J=6.2 Hz,
6H); LRMS (ES) m/z 520.7 (M*+1).

Example 19: Synthesis of compound 19, N-(4-(3-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-tfluoroben-

zy1)-N-(4-fluorophenyl)-6-(oxetan-3-yl)-2,6-diaz-
aspiro[3.3 Jheptan-2-carbothioamide
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F
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[0229] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-(4-tfluorophenyl)-2,6-diazaspiro[ 3.3 [hep-

tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared by the
same method as described 1n step 3 of compound 17 and
3-oxetanone (0.020 mL, 0.314 mmol) were dissolved 1n
dichloromethane (4 mL) at room temperature, aiter which
sodium triacetoxyborohydride (0.089 g, 0.419 mmol) was
added to the resulting solution and stirred at the same
temperature for 18 hours. Saturated aqueous sodium hydro-
gen carbonate solution was poured 1nto the reaction mixture,
an organic layer was extracted with dichloromethane, {il-
tered via a plastic filter to remove a solid residue and an
aqueous solution layer therefrom, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (510,, 4 g cartridge; methanol/
dichloromethane=0 to 2.5%) and concentrated to obtain a
desired compound (0.016 g, 14.3%) as a white solid form.

[0230] 'H NMR (400 MHz, CDCL,) & 7.96 (t, J=7.6 Hz,
1H), 7.88 (d, J=8.1 Hz, 1H), 7.69 (d, J=9.9 Hz, 1H),
7.12-7.08 (m, 2H), 7.04 (d, J=8.1 Hz, 2H), 7.01-6.79 (m,
1H), 5.60 (s, 2H), 4.64 (t, J=6.6 Hz, 2H), 4.39 (1, J=5.9 Hz,
2H), 3.83 (brs, 4H), 3.75-3.62 (m, 1H), 3.27 (s, 4H); LRMS
(ES) m/z 534.6 (M*+1).

Example 20: Synthesis of compound 20, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(4-

fluorophenyl)-6-methyl-2,6-diazaspiro[3.3]heptan-2-
carbothioamide

[Step 1] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)-4-fluoroaniline

[0231]
b
N R
_I_
/\QY >/CF2H 3
N--...._N
N
H
O
\ >/CF2H
N--..._N
[0232] 4-fluoroaniline (1.000 g, 8.999 mmol) and sodium

hydride (60.00%, 0.378 g, 9.449 mmol) were dissolved in
N,N-dimethylformamide (30 mlL) at 0° C., after which
2-(4-(bromomethyl)phenyl)-3-(difluoromethyl)-1,3,4-oxa-

diazole (2.732 g, 9.449 mmol) was added 1nto the resulting
solution and stirred at room temperature for 18 hours.
Solvent was removed from the reaction mixture under
reduced pressure, after which saturated aqueous sodium
hydrogen carbonate solution was poured into the resulting
concentrate and an organic layer was extracted with ethyl
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acetate. The organic layer was washed with saturated aque-
ous sodium chloride solution, dehydrated with anhydrous
magnesium sulfate, filtered, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 24 g cartridge; ethyl acetate/

hexane=5 to 20%) and concentrated to obtain a desired
compound (1.510 g, 52.6%) as a pink solid form.

[Step 2] Synthesis of tert-butyl 6-((4-(35-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)benzyl)(4-tluorophenyl)
carbamothioyl)-2,6-diazaspiro[3.3|heptan-2-car-

boxylate
[0233]
b
\‘ N
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[0234] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-4-fluoroanmiline (1.000 g, 3.132 mmol) prepared in
step 1 and N,N-dusopropylethylamine (1.637 mL, 9.396
mmol) were dissolved 1n dichloromethane (50 mL) at 0° C.,
alter which thiophosgene (0.360 g, 3.132 mmol) was added
into the resulting solution and stirred at the same tempera-
ture. Tert-butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate
hemioxalate (0.914 g, 1.879 mmol) was added into the
reaction mixture and further stirred at room temperature for
18 hours. Aqueous N-sodium hydrogen carbonate solution
was poured into the reaction mixture, an organic layer was
extracted with dichloromethane, filtered via a plastic filter to
remove a solid residue and an aqueous solution layer there-
from, and concentrated under reduced pressure. The result-
ing concentrate was purified via column chromatography
(510, 12 g cartridge; ethyl acetate/hexane=10 to 40%) and
concentrated to obtain a desired compound (1.200 g, 68.5%)
as a yellow solid form.



US 2024/0208956 Al

[Step 3] Synthesis of N-(4-(3-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)-N-(4-tluorophenyl)-2,6-
diazaspiro[3.3|heptan-2-carbothioamide

[0235]

Boc
I ‘ N
/\N/\‘/‘\
N/J\S \/\ro CF,H
|/
HN TN
[0236] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)benzyl)(4-fluorophenyl ))carbamothioyl)-2,6-d1az-

aspiro[3.3 Jheptan-2-carboxylate (1.200 g, 2.144 mmol) pre-
pared by the same method as described in step 2 and
trifluoroacetic acid (1.149 mL, 15.010 mmol) were dis-
solved 1 dichloromethane (15 mL) at room temperature,
after which the resulting solution was stirred at the same
temperature for 18 hours. Saturated aqueous sodium hydro-
gen carbonate solution was poured 1nto the reaction mixture,
an organic layer was extracted with dichloromethane, {il-
tered via a plastic filter to remove a solid residue and an
aqueous solution layer therefrom, and concentrated under
reduced pressure. An obtained product was used without a

turther purification process (0.948 g, 96.2%, light yellow
solid).

[Step 4] Synthesis of Compound 20

0237]
F
O\N/\ \
)\ Z O
N > \ >/CF2H
N
F
\‘ AN
Z
N/J\S O>/CF2H
N,
J ~—N
e

33
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[0238] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)
benzyl)-N-(4-fluorophenyl)-2,6-diazaspiro[3.3 Jheptan-2-
carbothioamide (0.100 g, 0.218 mmol) prepared 1n step 3
and formaldehyde (38.00% solution, 0.024 mlL, 0.326
mmol) were dissolved 1n dichloromethane (4 mL) at room
temperature, after which sodium triacetoxyborohydride
(0.092 g, 0.435 mmol) was added to the resulting solution
and stirred at the same temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture, an organic layer was extracted
with dichloromethane, filtered via a plastic filter to remove
a solid residue and an aqueous solution layer therefrom, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 4 ¢
cartridge; methanol/dichloromethane=0 to 5%) and concen-
trated to obtain a desired compound (0.051 g, 49.5%) as a
white solid form.

[0239] 'H NMR (400 MHz, CDCl,) 3 8.03 (d, J=8.1 Hz,
2H), 7.53 (d, J=8.1 Hz, 2H), 7.05-6.79 (m, SH), 5.54 (s, 2H),
3.77 (brs, 4H), 3.24 (s, 4H), 2.26 (s, 3H); LRMS (ES) nm/z
474.6 (M +1).

Example 21: Synthesis of compound 21, N-(4-(3-

difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(4-
fluorophenyl)-6-1sopropyl-2,6-diazaspiro[3.3|hep-

tan-2-carbothioamide

10240]
F\‘ N
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[0241] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)

benzyl)-N-(4-fluorophenyl)-2,6-diazaspiro[3.3 |heptan-2-

carbothioamide (0.100 g, 0.218 mmol) prepared by the same
method as described 1n step 3 of compound 20 and acetone
(0.024 mL, 0.326 mmol) were dissolved in dichloromethane
(4 mL) at room temperature, after which sodium triacetoxy-
borohydride (0.092 g, 0.435 mmol) was added to the result-
ing solution and stirred at the same temperature for 18 hours.
Saturated aqueous sodium hydrogen carbonate solution was
poured into the reaction mixture, an organic layer was
extracted with dichloromethane, filtered via a plastic filter to
remove a solid residue and an aqueous solution layer there-

from, and concentrated under reduced pressure. The result-
ing concentrate was purified via column chromatography
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(S10,, 4 g cartridge; methanol/dichloromethane=0 to 5%)
and concentrated to obtamn a desired compound (0.037,

33.9%) as a white solid form.

[0242] 'H NMR (400 MHz, CDCL,) & 8.03 (d, J=8.1 Hz,
2H), 7.53 (d, 1=8.2 Hz, 2H), 7.05-6.79 (m, SH), 5.54 (s, 2H),
3.85 (brs, 4H), 3.33 (brs, 4H), 2.48-2.47 (m, 1H), 0.95-0.89
(m, 6H); LRMS (ES) m/z 502.7 (M*+1).

Example 22: Synthesis of compound 22, N-(4-(3-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(4-

fluorophenyl)-6-(oxetan-3-yl)-2,6-diazaspiro[3.3]
heptan-2-carbothioamide

[0243]
F\‘/\
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[0244] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)

benzyl)-N-(4-fluorophenyl)-2,6-diazaspiro[3.3 | heptan-2-
carbothioamide (0.100 g, 0.218 mmol) prepared by the same
method as described in step 3 of compound 20 and 3-oxet-
anone (0.021 mL, 0.326 mmol) were dissolved in dichlo-
romethane (4 mL) at room temperature, aiter which sodium
triacetoxyborohydride (0.092 g, 0.435 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
romethane=0 to 2.5%) and concentrated to obtain a desired
compound (0.069 g, 61-5%) as a white solid form.

[0245] 'H NMR (400 MHz, CDCL,) 8 8.03 (d, J=8.0 Hz.
21H), 7.53 (d, J=8.1 Hz, 2H), 7.05-6.79 (m, 5H), 5.55 (s,
2H), 4.68 (t, J=6.7 Hz, 2H), 4.42 (t, I=5.9 Hz, 2H), 3.85-3.72
(m, 5H), 3.38 (s, 4H); LRMS (ES) m/z 516.7 (M*+1).
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Example 23: Synthesis of compound 23, N-(3.4-
dichlorophenyl)-N-(4-(5-(difluoromethyl)-1,3,4-
oxadiazol-2-yl)-2-fluorobenzyl)-6-methyl-2,6-diaz-
aspiro[ 3.3 Jheptan-2-carbothioamide

[Step 1] Synthesis of tert-butyl 6-((3,4-dichlorophe-
nyl)(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)carbamothioyl)-2,6-diazaspiro[3.3]
heptan-2-carboxylate

[0246]
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[0247] 3,4-dichloro-N-(4-(5-(difluoromethyl)-1,3,4-0xa-
diazol-2-yl)-2-fluorobenzyl)aniline (0.930 g, 2.396 mmol),
thiophosgene (0.184 mlL., 2.396 mmol) and N,N-diisopro-
pylethylamine (1.252 mlL, 7.188 mmol) were dissolved in
dichloromethane (20 mL), after which the resulting solution
was stirred at 0° C. for 30 minutes, and then tert-butyl
2,6-diazaspiro[3.3 Jheptan-2-carboxylate hemioxalate (0.583
g, 1.198 mmol) was added thereinto and further stirred at
room temperature for 18 hours. Water was poured into the
reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated waith
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 40 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-
pound (0.280 g, 18.6%) as a yellow o1l form.
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[Step 2] Synthesis of N-(3,4-dichlorophenyl)-N-(4-
(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-tfluo-
robenzyl)-2,6-diazaspiro[3.3 heptan-2-carbothioam-
1de 2,2.2-trifluoroacetate

10248]
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[0249] Tert-butyl  6-((3,4-dichlorophenyl)(4-(3-(difluo-
romethyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl )carbamo-

thioyl)-2,6-diazaspiro[3.3 Jheptan-2-carboxylate (0.275 g,
0.438 mmol) prepared 1n step 1 and trifluoroacetic acid
(0.335 mL, 4.376 mmol) were dissolved 1n dichloromethane
(10 mL) at room temperature, after which the resulting
solution was stirred at the same temperature for 18 hours.
Solvent was removed from the reaction mixture under

reduced pressure, after which a product obtained was used
without a further punfication process (0.275 g, 97.8%,
yellow o1l).

[Step 3] Synthesis of Compound 23

10250]
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0
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N/
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Jun. 27, 2024

-continued

= F

Cl A \N/\ AN

. :
N > \/\( >/CF2H

N-..___N

[0251] N-(3,4-dichlorophenyl)-N-(4-(5-(difluoromethyl)-
1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-2,6-diazaspiro[3.3]

heptan-2-carbothioamide 2,2,2-trifluoroacetate (0.150 g,
0.233 mmol) prepared 1n step 2, N,N-diisopropylethylamine
(0.041 mL, 0.233 mmol), formaldehyde (0.014 g, 0.467
mmol) and sodium triacetoxyborohydride (0.099 g, 0.467
mmol) were dissolved 1n dichloromethane (10 mL) at room
temperature, alter which the resulting solution was stirred at
the same temperature for 12 hours. Water was poured into
the reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated waith
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (510,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) to obtamn a ftitle compound

(0.100 g, 79.0%) as a colorless o1l form.

[0252] 'H NMR (400 MHz, CDCL,) & 7.90~7.87 (m, 2H),
7.72 (d, J=9.8 Hz, 1H), 7.41 (d, J=8.6 Hz, 1H), 7.26 (d, ]=2.3
Hz, 1H), 7.05 (s, 0.25H), 6.98 (dd, ]=8.6, 2.4 Hz, 1H), 6.92
(s, 0.5H), 6.79 (s, 0.25H), 5.55 (s, 2H), 3.87~3.73 (m, 4H),
3.41 (s, 4H), 2.34 (s, 3H); LRMS (ES) m/z 542.2 (M*+1).

Example 24: Synthesis of compound 24, N-(3,4-
dichlorophenyl)-N-(4-(5-(difluoromethyl)-1,3,4-
oxadiazol-2-yl)-2-fluorobenzyl)-6-(oxetan-3-y1)-2,6-
diazaspiro[3.3|heptan-2-carbothioamide
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[0254] N-(3,4-dichlorophenyl)-N-(4-(5-(difluoromethyl
1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-2,6-diazaspiro[3.3
heptan-2-carbothioamide 2.2,2-trifluoroacetate (0.150 g,
0.233 mmol) prepared by the same method as described 1n
step 2 of compound 23, N,N-diuisopropylethylamine (0.041
ml., 0.233 mmol), 3-oxetanone (0.027 mL, 0.467 mmol) and
sodium triacetoxyborohydride (0.099 g, 0.467 mmol) were
dissolved 1n dichloromethane (10 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 12 hours. Water was poured into the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) to obtaimn a title compound

(0.100 g, 73.3%) as a colorless o1l form.

[0255] 'H NMR (400 MHz, CDCL,) & 7.90~7.89 (m, 2H),
7.73 (d, J=10.0 Hz, 1H), 7.42 (d, ]=8.5 Hz, 1H), 7.28~7.27
(m, 1H), 7.05 (s, 0.25H), 6.99 (dd, J=8.5, 2.3 Hz, 1H), 6.92
(s, 0.5H), 6.79 (s, 0.25H), 5.57 (s, 2H), 4.69~4.63 (m, 2H),
4.48~4.45 (m, 2H), 3.94~3.89 (m, 4H), 3.67~3.61 (m, 1H),
3.29 (s, 4H); LRMS (ES) m/z 584.3 (M*+1).

)_

Example 25: Synthesis of compound 25, N-(3-
chloro-4-fluorophenyl)-N-(4-(5-(difluoromethyl)-1,
3.,4-oxadiazol-2-yl)-2-tfluorobenzyl )-6-methyl-2,6-

diazaspiro[3.3]heptan-2-carbothioamide

[Step 1] Synthesis of tert-butyl 6-((3-chloro-4-fluo-

rophenyl)(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-

yl)-2-fluorobenzyl)carbamothioyl)-2,6-diazaspiro| 3.
3]heptan-2-carboxylate
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[0257] 3-chloro-N-(4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)-4-fluoroaniline (1.000 g, 2.690
mmol), thiophosgene (0.206 mL, 2.690 mmol) and N,N-
dusopropylethylamine (1.406 mL, 8.071 mmol) were dis-
solved 1n dichloromethane (20 mL), after which the result-
ing solution was stirred at 0° C. for 30 minutes and then
tert-butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate hemiox-
alate (0.654 g, 1.345 mmol) was added thereinto and further
stirred at room temperature for 18 hours. Water was poured
into the reaction mixture and an organic layer was extracted
with dichloromethane. The organic layer was washed with
saturated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 40 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-
pound (0.650 g, 39.5%) as a yellow o1l form.

[Step 2] Synthesis of N-(3-chloro-4-fluorophenyl)-
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-2,6-diazaspiro[3.3]heptan-2-carbothio-
amide 2,2,2-trifluoroacetate

10258]
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[0259] Tert-butyl 6-((3-chloro-4-fluorophenyl)(4-(5-(dii-
luoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl )carba-
mothioyl)-2,6-diazaspiro[ 3.3 ]heptan-2-carboxylate  (0.680
g 1.111 mmol) prepared 1n step 1 and trifluoroacetic acid
(0.851 mL, 11.110 mmol) were dissolved 1n dichlorometh-
ane (10 mL) at room temperature, aiter which the resulting
solution was stirred at the same temperature for 18 hours.
Solvent was removed from the reaction mixture under
reduced pressure, after which a product obtained was used
without a further punfication process (0.680 g, 97.8%,
yellow o1l).

[Step 3] Synthesis of Compound 235
[0260]
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[0261] N-(3-chloro-4-fluorophenyl)-N-(4-(5-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-2,6-diazaspiro
[3.3]heptan-2-carbothioamide 2,2,2-trifluoroacetate (0.262
g, 0.419 mmol) prepared in step 2 and N,N-diisopropyleth-
ylamine (0.073 mL, 0.419 mmol) were dissolved in dichlo-
romethane (10 mL), after which the resulting solution was
stirred at room temperature for 30 minutes and then form-
aldehyde (0.025 g, 0.837 mmol) and sodium triacetoxyboro-
hydride (0.177 g, 0.837 mmol) were added thereinto and
turther stirred at the same temperature for 18 hours. Water
was poured into the reaction mixture and an organic layer

Jun. 27, 2024

was extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 12 g
cartridge; methanol/dichloromethane=0 to 10%) and con-
centrated to obtain a title compound (0.130 g, 68.1%) as a
colorless o1l form.

[0262] 'H NMR (400 MHz, CDCL,) & 7.93~7.88 (m, 2H),
7.72 (d, J=10.0 Hz, 1H), 7.22 (dd, J=6.3, 2.5 Hz, 1H), 7.12
(t, J=8.5 Hz, 1H), 7.05 (s, 0.25H), 7.01~6.97 (m, 1H), 6.92
(s, 0.5H), 6.79 (s, 0.25H), 5.55 (s, 2H), 3.92 (s, 4H), 3.39 (S,
4H), 2.32 (s, 3H); LRMS (ES) m/z 526.6 (M*+1).

Example 26: Synthesis of compound 26, N-(3-
chloro-4-fluorophenyl)-N-(4-(5-(difluoromethyl)-1,
3,4-oxadiazol-2-yl)benzyl)-6-methyl-2,6-diazaspiro

[3.3]heptan-2-carbothioamide

[Step 1] Synthesis of tert-butyl 6-((3-chloro-4-tluo-

rophenyl)(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-

yl)benzyl)carbamothioyl)-2,6-diazaspiro[3.3]heptan-
2-carboxylate
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[0264] 3-chloro-N-(4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)benzyl)-4-fluoroaniline (0.950 g, 2.686 mmol),
thiophosgene (0.206 mlL, 2.686 mmol) and N,N-diisopro-
pylethylamine (1.403 mlL, 8.057 mmol) were dissolved in
dichloromethane (20 mL), after which the resulting solution
was stirred at 0° C. for 30 minutes and then tert-butyl
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2,6-diazaspiro[3.3]heptan-2-carboxylate hemioxalate (0.653
g, 1.343 mmol) was added thereinto and further stirred at

room temperature for 18 hours. Water was poured into the
reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 40 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-

pound (0.853 g, 53.5%) as a yellow o1l form.

[Step 2] Synthesis of N-(3-chloro-4-tfluorophenyl)-
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl )ben-
zyl)-2,6-diazaspiro[ 3.3 Jheptan-2-carbothioamide
2,2, 2-trifluoroacetate
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[0266] Tert-butyl 6-((3-chloro-4-fluorophenyl)(4-(5-(dii-
luoromethyl)-1,3,4-oxadiazol-2-yl)benzyl )carbamothioyl)-
2,6-diazaspiro[3.3]heptan-2-carboxylate (0.853 g, 1.436
mmol) prepared 1n step 1 and trifluoroacetic acid (1.100 mL,
14.359 mmol) were dissolved 1n dichloromethane (10 mL)
at room temperature, aiter which the resulting solution was
stirred at the same temperature for 18 hours. Solvent was
removed from the reaction mixture under reduced pressure,
alter which a product obtained was used without a further
purification process (0.853 g, 97.7%, yellow o1l).

[Step 3] Synthesis of Compound 26
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[0268] N-(3-chloro-4-fluorophenyl)-N-(4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)benzyl)-2,6-diazaspiro[ 3.3 Jhep-
tan-2-carbothioamide 2,2,2-trifluoroacetate prepared 1n step
2 and N,N-diuisopropylethylamine (0.097 mL., 0.554 mmol)
were dissolved in dichloromethane (10 mL), aiter which the
resulting solution was stirred at room temperature for 30
minutes and then formaldehyde (0.033 g, 1.109 mmol) and
sodium triacetoxyborohydride (0.235 g, 1.109 mmol) were
added thereinto and turther stirred at the same temperature
for 18 hours. Water was poured into the reaction mixture and
an organic layer was extracted with dichloromethane. The
organic layer was washed with saturated aqueous sodium
chloride solution, dehydrated with anhydrous sodium sul-
fate, filtered, and concentrated under reduced pressure. The
resulting concentrate was purified via column chromatog-
raphy (S10,, 12 g cartridge; methanol/dichloromethane=0 to
10%) and concentrated to obtain a title compound (0.220 g,
78.1%) as a colorless o1l form.

[0269] 'H NMR (400 MHz, CDCIL,) & 8.04 (d, J=8.1 Hz.
2H), 7.51 (d, J=8.1 Hz, 2H), 7.16 (dd, J=6.3, 2.5 Hz, 1H),
7.10 (1, 1=8.5 Hz, 1H), 7.05 (s, 0.25H), 6.95-6.91 (m, 1H),
6.92 (s, 0.5H), 6.79 (s, 0.25H), 5.50 (s, 2H), 3.86~3.73 (m,
4H), 3.51 (s, 4H), 2.40 (s, 3H); LRMS (ES) m/z 508.5
(M*+1).

Example 27: Synthesis of Compound 27, N-(3-
chloro-4-fluorophenyl)-N-(4-(5-(difluoromethyl)-1,
3.4-oxadiazol-2-yl)benzyl)-6-(oxetan-3-yl1)-2,6- dlaz-

aspiro[ 3.3 Jheptan-2-carbothioamide
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[0271] N-(3-chloro-4-fluorophenyl)-N-(4-(3-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)benzyl)-2,6-diazaspiro[3.3 |hep-
tan-2-carbothioamide 2,2,2-trifluoroacetate (0.320 g, 0.526
mmol) prepared by the same method as described 1n step 2
of compound 26 and N,N-diisopropylethylamine (0.092 mL,
0.526 mmol) were dissolved in dichloromethane (10 mL),
aiter which the resulting solution was stirred at room tem-
perature for 30 minutes and then 3-oxetanone (0.062 mlL,
1.053 mmol) and sodium triacetoxyborohydride (0.223 g,
1.053 mmol) were added thereinto and further stirred at the
same temperature for 18 hours. Water was poured into the
reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.188 g, 70.3%) as a colorless o1l form.

[0272] 'H NMR (400 MHz, CDCI,) 8 8.05 (d, J=8.1 Hz,
2H), 7.53 (d, J=8.1 Hz, 2H), 7.19 (dd, J=6.3, 2.4 Hz, 1H),
7.10 (1, J=8.5 Hz, 1H), 7.05 (s, 0.25H), 6.96-6.92 (m, 1H),
6.92 (s, 0.5H), 6.79 (s, 0.25H), 5.52 (s, 2H), 4.65 (1, 1=6.6
Hz, 2H), 4.40 (t, J=5.8 Hz, 2H), 3.86~3.75 (m, 4H), 3.67~3.
61 (m, 1H), 3.29 (s, 4H); LRMS (ES) m/z 550.4 (M*+1).

Example 28: Synthesis of Compound 28, N-(3-
chloro-4-fluorophenyl )-N-(4-(5-(difluoromethyl)-1,
3,4-oxadiazol-2-yl)-2-fluorobenzyl)-6-1sopropyl-2,6-
diazaspiro[3.3]heptan-2-carbothioamide
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[0274] N-(3-chloro-4-fluorophenyl)-N-(4-(5-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-2,6-diazaspiro
[3.3]heptan-2-carbothicamide 2,2,2-trifluoroacetate (0.254
g, 0.406 mmol) prepared by the same method as described
in step 2 of compound and N,N-dusopropylethylamine
(0.071 mL, 0.406 mmol) were dissolved in dichloromethane
(10 mL), after which the resulting solution was stirred at
room temperature for 30 minutes and then acetone (0.024 g,
0.812 mmol) and sodium triacetoxyborohydride (0.172 g,
0.812 mmol) were added thereinto and further stirred at the
same temperature for 18 hours. Water was poured into the
reaction mixture and an extraction was performed with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.160 g, 71.2%) as a colorless o1l form.

[0275] ‘H NMR (400 MHz, CDCI,) & 7.93~7.88 (m, 2H),
7.72 (d, J=10.0 Hz, 1H), 7.22 (dd, J=6.3, 2.4 Hz, 1H),
7.14~7.09 (m, 1H), 7.05 (s, 0.25H), 7.01~6.97 (m, 1H), 6.92
(s, 0.5H), 6.79 (s, 0.25H), 5.50 (s, 2H), 3.95~3.84 (m, 4H),
3.42 (s, 4H), 2.49~2.42 (m, 1H), 0.98~0.96 (m, 6H); LRMS
(ES) m/z 554.7 (M*+1).

Example 29: Synthesis of compound 29, N-(3-
chloro-4-fluorophenyl)-N-(4-(5-(difluoromethyl)-1,
3.,4-oxadiazol-2-yl)benzyl)-6-1sopropyl-2,6-diaz-
aspiro[ 3.3 Jheptan-2-carbothioamide
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[0277] N-(3-chloro-4-fluorophenyl)-N-(4-(3-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)benzyl)-2,6-diazaspiro[3.3 Jhep-
tan-2-carbothioamide 2,2,2-trifluoroacetate (0.325 g, 0.535
mmol) prepared by the same method as described 1n step 2
of compound 26 and N,N-diisopropylethylamine (0.093 mL,
0.535 mmol) were dissolved in dichloromethane (10 mL),
aiter which the resulting solution was stirred at room tem-
perature for 30 minutes and then acetone (0.032 g, 1.069
mmol) and sodium triacetoxyborohydride (0.227 g, 1.069
mmol) were added thereinto and further stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.199 g, 69.4%) as a colorless o1l form.

[0278] 'H NMR (400 MHz, CDCL,) 8 8.04 (d, J=8.1 Hz,
2H), 7.53 (d, J=8.1 Hz, 2H), 7.17 (dd, J=6.2, 2.2 Hz, 1H),
7.08 (t, J=8.7 Hz, 1H), 7.05 (s, 0.25H), 6.94~6.92 (m, 1H),
6.92 (s, 0.5H), 6.79 (s, 0.25H), 5.52 (s, 2H), 3.91~3.74 (m.,
4H), 3.18 (s, 4H), 2.20~ 2.16 (m, 1H), 0.88 (d, J=6.2 Hz,
6H); LRMS (BES) m/z 536.4 (M*+1).

Example 30: Synthesis of compound 30, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(3,
4-difluorophenyl)-6-methyl-2,6-diazaspiro[3.3 [hep-
tan-2-carb0thioamide

[Step 1] Synthesis of tert-butyl 6-((4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)benzyl)(3,4-difluorophe-
nyl)carbamothioyl)-2,6-diazaspiro[3.3 |heptan-2-

carboxylate
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[0280] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)

benzyl)-3,4-difluoroaniline (1.000 g, 2.965 mmol) prepared
in step 1 and N,N-diuisopropylethylamine (1.549 mlL, 8.895
mmol) were dissolved in dichloromethane (50 mL) at 0° C.,

aiter which thiophosgene (0.341 g, 2.965 mmol) was added
into the resulting solution and stirred at the same tempera-
ture. Tert-butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate
hemioxalate (0.866 g, 1.779 mmol) was added into the
reaction mixture and further stirred at room temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (510,, 12 g cartridge; ethyl acetate/
hexane=10 to 40%) and concentrated to obtain a desired
compound (1.080 g, 63.1%) as a yellow solid form.

[Step 2] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)benzyl)-N-(3,4-difluorophenyl )-2,
6-diazaspiro[3.3 Jheptan-2-carbothioamide
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[0282] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)benzyl)(3,4-difluorophenyl ))carbamothioyl)-2,6-
diazaspiro[3.3 |heptan-2-carboxylate (1.080 g, 1.870 mmol)
prepared 1n step 1 and trifluoroacetic acid (1.002 mL, 13.089
mmol) were dissolved 1n dichloromethane (10 mL) at room
temperature, after which the resulting solution was stirred at
the same temperature for 18 hours. Saturated aqueous
sodium hydrogen carbonate solution was poured into the
reaction mixture, an organic layer was extracted with dichlo-
romethane, filtered via a plastic filter to remove a solid
residue and an aqueous solution layer therefrom, and con-
centrated under reduced pressure. An obtained product was
used without a turther purification process (0.864 g, 96.8%,
light yellow solid).

[Step 3] Synthesis of Compound 30
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[0284] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)

benzyl)-N-(3,4-difluorophenyl)-2,6-diazaspiro[ 3.3 Jheptan-

2-carbothioamide (0.100 g, 0.209 mmol) prepared 1n step 2
and formaldehyde (38.00% solution 1n water, 0.023 mlL,
0.314 mmol) were dissolved in dichloromethane (4 mL) at
room temperature, after which sodium triacetoxyborohy-
dride (0.089 g, 0.419 mmol) was added to the resulting
solution and stirred at the same temperature for 18 hours.
Saturated aqueous sodium hydrogen carbonate solution was
poured into the reaction mixture, after which an extraction
was performed with dichloromethane, then filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and then concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 4 g cartridge; methanol/
dichloromethane=0 to 5%) and concentrated to obtain a
desired compound (0.030 g, 29.1%) as a white solid form.

[0285] 'H NMR (400 MHz, CDCL,) 8 8.02 (d, J=8.1 Hz,
2H), 7.51 (d, J=8.0 Hz, 2H), 7.08 (q, J=9.3 Hz, 1H),
7.01-6.78 (m, 3H), 5.51 (s, 2H), 3.82 (brs, 4H), 3.21 (s, 4H),
2.23 (s, 3H); LRMS (ES) m/z 492.7 (M*+1)

Jun. 27, 2024

Example 31: Synthesis of compound 31, N-(4-(3-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(3,

4-difluorophenyl)-6-1sopropyl-2,6-diazaspiro[3.3]
heptan-2-carbothioamide
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[0287] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)
benzyl)-N-(3,4-ditluorophenyl)-2,6-diazaspiro[ 3.3 heptan-
2-carbothicamide (1.000 g, 2.094 mmol) prepared by the
same method as described 1n step 2 of compound 30 and
acetone (0.234 mL, 3.141 mmol) were dissolved in dichlo-
romethane (4 mL) at room temperature, aiter which sodium
triacetoxyborohydride (0.888 g, 4.189 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured into the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 12 g cartridge; methanol/dichlo-
romethane=0 to 5%) and concentrated to obtain a desired
compound (0.029 g, 2.7%) as a white solid form.

[0288] 'H NMR (400 MHz, CDCl,) 8 8.04 (d, J=8.4 Hz,
2H), 7.53 (d, J=8.4 Hz, 2H), 7.10 (g, J=9.0 Hz, 1H),
7.05-6.80 (m, 3H), 5.52 (s, 2H), 3.84 (brs, 4H), 3.18 (s, 4H),
2.20-2.15 (m, 1H), 0.89 (d, J=6.9 Hz, 6H); LRMS (ES) m/z
520.8 (M™+1).

Example 32: Synthesis of compound 32, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)benzyl)-N-(3,
4-difluorophenyl)-6-(oxetan-3-yl)-2,6-diazaspiro| 3.
3 Jheptan-2-carbothioamide
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[0290] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)
benzyl)-N-(3,4-ditluorophenyl)-2,6-diazaspiro[ 3.3 heptan-
2-carbothioamide (0.100 g, 0.209 mmol) prepared by the
same method as described 1n step 2 of compound 30 and
3-oxetanone (0.020 mL, 0.314 mmol) were dissolved 1n
dichloromethane (4 mL) at room temperature, aiter which
sodium triacetoxyborohydride (0.089 g, 0.419 mmol) was
added to the resulting solution and stirred at the same
temperature for 18 hours. Saturated aqueous sodium hydro-
gen carbonate solution was poured 1nto the reaction mixture,
an organic layer was extracted with dichloromethane, {il-
tered via a plastic filter to remove a solid residue and an
aqueous solution layer therefrom, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 2.5%) and concentrated to obtain a
desired compound (0.034 g, 30.4%) as a white solid form.

[0291] 'H NMR (400 MHz, CDCL,) 8 8.05 (d, J=8.4 Hz,
2H), 7.53 (d, J=8.4 Hz, 2H), 7.14 (q, J=9.0 Hz, 1H),
7.06-6.80 (m, 3H), 5.53 (s, 2H), 4.68 (t, J=6.7 Hz, 2H),
3.89-3.70 (m, 5H), 3.38 (s, 4H); LRMS (ES) m/z 534.6
(M*+1).

Example 33: Synthesis of compound 33, 6-acetyl-
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-N-(3,4-difluorophenyl)-2,6-diazaspiro
[3.3]heptan-2-carbothioamide
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[0293] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-(3,4-difluorophenyl)-2,6-diazaspiro[3.3]
heptan-2-carbothioamide 2,2,2-trifluoroacetate (0.159 g,
0.261 mmol) prepared by the same method as described 1n
step 3 of compound 13, N,N-diisopropylethylamine (0.091
ml., 0.522 mmol) and acetyl chloride (0.028 mlL, 0.391
mmol) were dissolved in dichloromethane (20 mL) at room
temperature, aiter which the resulting solution was stirred at
the same temperature for 18 hours. Water was poured 1nto
the reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated with
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 70%) and concentrated to obtain a title com-
pound (0.100 g, 71.3%) as a colorless o1l form.

[0294] 'H NMR (400 MHz, CDCl,) 8 7.92~7.90 (m, 2H),
7.73~7.71 (m, 1H), 7.20~7.10 (m, 1H), 7.05 (s, 0.25H),
7.03~6.98 (m, 1H), 6.92 (s, 0.5H), 6.92~6.89 (m, 1H), 6.79
(s, 0.25H), 5.57 (s, 2H), 4.16~3.80 (m, 8H), 1.82 (s, 3H);
LRMS (ES) m/z 538.5 (M*+1).

Example 34: Synthesis of Compound 34, N-(4-(5-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-

zy1)-N-(3,4-difluorophenyl)-6-(oxetan-3-yl)-2,6-
diazaspiro[3.3]heptan-2-carbothioamide
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[0296] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-(3,4-difluorophenyl)-2,6-diazaspiro[3.3]
heptan-2-carbothioamide 2,2,2-trifluoroacetate (0.186 g,
0.305 mmol) prepared by the same method as described 1n
step 3 of compound 13 and N,N-diisopropylethylamine
(0.053 mL, 0.305 mmol) were dissolved 1n dichloromethane
(10 mL), after which the resulting solution was stirred at
room temperature for 30 minutes and then sodium triac-
ctoxyborohydride (0.129 g, 0.610 mmol) and 3-oxetanone
(0.044 g, 0.610 mmol) were added theremnto and further
stirred at the same temperature for 18 hours. Water was
poured into the reaction mixture and an organic layer was
extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 12 g
cartridge; methanol/dichloromethane=0 to 10%) and con-
centrated to obtain a title compound (0.100 g, 61.4%) as a
colorless o1l form.

[0297] 'H NMR (400 MHz, CDCl,) § 7.92~7.89 (m, 2H),
7.71 (dd, J=9.9, 1.4 Hz, 1H), 7.20~7.12 (m, 1H), 7.05 (s,
0.25H), 7.03~6.95 (m, 1H), 6.92 (s, 0.5H), 6.89~6.82 (m,
1H), 6.79 (s, 0.25H), 5.56 (s, 2H), 4.64 (t, J=6.7 Hz, 2H),
4.40 (dd, J=6.6, 5.2 Hz, 2H), 4.00~3.80 (m, 4H), 3.65~3.60
(m, 1H), 3.29 (s, 4H); LRMS (ES) m/z 552.5 (M*+1).

Example 35: Synthesis of compound 35, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-fluoroben-
zyl)-N-(3,4-difluorophenyl)-2-oxa-6-azaspiro[3.3]
heptan-6-carbothioamide
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[0299] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-3,4-difluoroaniline (0.330 g, 0.929 mmol)
prepared by the same method as described in step 1 of
compound 13, N,N-diisopropylethylamine (0.485 mL, 2.787
mmol) and thiophosgene (0.107 g, 0.929 mmol) were dis-
solved 1n dichloromethane (10 mL), after which the result-
ing solution was stirred at 0° C. for 30 minutes and then
2-oxa-6-azaspiro[3.3 ]Jheptan hemioxalate (0.134 g, 0.464
mmol) was added thereinto and further stirred at room
temperature for 18 hours. Water was poured into the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; ethyl acetate/
hexane=0 to 70%) and concentrated to obtain a title com-
pound (0.100 g, 21.7%) as a colorless o1l form.

[0300] ‘H NMR (400 MHz, CDCL,) & 7.94~7.88 (m, 2H),
7.74~7.71 (m, 1H), 7.17 (dd, J=18.2, 8.7 Hz, 1H), 7.05 (s,
0.25H), 7.02~6.97 (m, 1H), 6.93 (s, 0.5H), 6.91~6.87 (m,
1H), 6.80 (s, 0.25H), 5.57 (s, 2H), 4.67 (s, 4H), 3.92 (s, 4H):
LRMS (ES) m/z 497.5 (M*+1).
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Example 36: Synthesis of compound 36, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zy1)-N-(3 ﬂuorophenyl) 6-methyl-2,6-diazaspiro| 3.
3]heptan—2-carb0thjoamide

[Step 1] Synthesis of tert-butyl 6-((4-(3-(difluorom-

cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(3-tluo-

rophenyl)carbamothioyl)-2,6-diazaspiro[3.3]heptan-
2-carboxylate
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[0302] N-(4-(5-(difluoromethyl)-1.3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-3-fluoroaniline (1.000 g, 2.965 mmol) and
N,N-duisopropylethylamine (1.033 mL, 5.930 mmol) were
dissolved in dichloromethane (30 mL) at 0° C., after which
thiophosgene (0.309 mL, 3.261 mmol) was added into the
resulting solution and stirred at the same temperature. Tert-
butyl 2,6-diazaspiro[3.3]heptan-2-carboxylate hemioxalate
(0.866 g, 1.779 mmol) was added into the reaction mixture
and further stirred at room temperature for 18 hours.
[0303] The reaction mixture was purified via column
chromatography (510,, 24 g cartridge; ethyl acetate/
hexane=10 to 60%) and concentrated to obtain a desired
compound (0.560 g, 32.7%) as a light yellow o1l form.

[Step 2] Synthesis of N-(4-(3-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-N-(3-tfluorophe-
nyl)-2,6-diazaspiro[3.3]heptan-2-carbothioamide

[0304]
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[0305] Tert-butyl 6-((4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yI)-2-fluorobenzyl)(3-fluorophenyl)carbamothioyl)-

2,6-diazaspiro[3.3 Jheptan-2-carboxylate (0.560 g, 0.970
mmol) prepared 1n step 1 and trifluoroacetic acid (0.520 mL,
6.787 mmol) were dissolved 1n dichloromethane (6 mL) at
room temperature, after which the resulting solution was
stirred at the same temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture, an organic layer was extracted
with dichloromethane, filtered via a plastic filter to remove
a solid residue and an aqueous solution layer therefrom, and
concentrated under reduced pressure. An obtained product
was used without a further punfication process (0.420 g,

90.7%, yellow solid).

[Step 3] Synthesis of Compound 36

[0306]
L]
N Ny ‘ X
/J\ F
N S Y >,CF2H —
HN NH‘"N
® |
F/\/\N
/K O
A > \ >/CF2H
N
N N
~
[0307] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-(3-fluorophenyl)-2,6-diazaspiro[ 3.3 [hep-

tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared in
step 2 and formaldehyde (38.00% solution 1n water, 0.023
ml, 0.314 mmol) were dissolved 1n dichloromethane (4 mL)
at room temperature, after which sodium triacetoxyborohy-
dride (0.089 g, 0.419 mmol) was added to the resulting
solution and stirred at the same temperature for 18 hours.
Saturated aqueous sodium hydrogen carbonate solution was
poured into the reaction mixture, an organic layer was
extracted with dichloromethane, filtered via a plastic filter to
remove a solid residue and an aqueous solution layer there-
from, and concentrated under reduced pressure. The result-
ing concentrate was purified via column chromatography
(510,, 4 g cartridge; methanol/dichloromethane=0 to 5%)
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and concentrated to obtain a desired compound (0.008 g,
7.8%) as a light yellow solid form.

[0308] 'H NMR (400 MHz, CDCL,) & 7.94~7.88 (m, 2H),
7.71 (d, J=10.2 Hz, 1H), 7.34~7.29 (m, 1H), 7.05~6.79 (m,
4H), 5.61 (s, 2H), 3.84 (brs, 4H), 3.23 (s, 4H), 2.26 (s, 3H);
LRMS (ES) m/z 492.2 (M*+1).

Example 37: Synthesis of compound 37, N-(4-(3-
(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-fluoroben-
zy1)-N-(3-fluorophenyl)-6-1sopropyl-2,6-diazaspiro
|3.3]heptan-2-carbothioamide

[0309]
b /K
CFZH —
HN NHN
®
F/\/\N/\‘)\
N O
Y %CFZH
N--...__N
[0310] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-(3-fluorophenyl)-2,6-diazaspiro[ 3.3 Jhep-

tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared by the
same method as described 1n step 2 of compound 36 and
acetone (0.023 mL, 0.314 mmol) were dissolved 1n dichlo-
romethane (4 mL) at room temperature, after which sodium
triacetoxyborohydride (0.089 g, 0.419 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured into the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
romethane=0 to 3%) and concentrated to obtain a desired
compound (0.006 g, 5.5%) as a light yellow solid form.

[0311] 'H NMR (400 MHz, CDCL,) 8 7.94~7.87 (m, 2H),
7.71 (dd, J=9.9, 1.3 Hz, 1H), 7.33~7.27 (m, 1H), 7.05~6.79
(m, 4H), 5.61 (s, 2H), 3.80 (brs, 4H), 3.20 (s, 4H), 2.22~
2.19 (m, 1H), 0.88 (d, J=4.8 Hz, 6H); LRMS (ES) m/z 520.4
(M™+1).
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Example 38: Synthesis of compound 38, N-(4-(3-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-tfluoroben-

zy1)-N-(3-fluorophenyl)-6-(oxetan-3-yl)-2,6-diaz-
aspiro[ 3.3 Jheptan-2-carbothioamide

(0312)
B F
P 7 N ‘ AN
/J\ P
N S Y >’CF2H —
HN N“"N

()]
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[0313] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-N-(3-tfluorophenyl)-2,6-diazaspiro[3.3 [hep-
tan-2-carbothioamide (0.100 g, 0.209 mmol) prepared by the
same method as described 1n step 2 of compound 36 and
3-oxetanone (0.020 mL, 0.314 mmol) were dissolved 1n
dichloromethane (4 mL) at room temperature, after which
sodium triacetoxyborohydride (0.089 g, 0.419 mmol) was
added to the resulting solution and stirred at the same
temperature for 18 hours. Saturated aqueous sodium hydro-
gen carbonate solution was poured 1nto the reaction mixture,
an organic layer was extracted with dichloromethane, fil-
tered via a plastic filter to remove a solid residue and an
aqueous solution layer therefrom, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 4 g cartridge; methanol/
dichloromethane=0 to 2.5%) and concentrated to obtain a
desired compound (0.004 g, 3.6%) as a light yellow solid
form.

[0314] 'H NMR (400 MHz, CDCl,) § 7.94~7.88 (m, 2H),
7.72 (dd, I=10.0, 1.3 Hz, 1H), 7.35~7.29 (m, 1H), 7.05-6.79
(m, 4H), 4.66 (t, J=6.7 Hz, 2H), 4.42-4.41 (m, 2H), 3.88-3.
67 (m, SH), 3.32 (s, 4H); LRMS (ES) m/z 534.3 (M*+1).
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Example 39: Synthesis of compound 39, (1S5,45)—
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-(4-fluorophenyl)-5-methyl-2,5-
diazabicyclo[2.2.1]heptan-2-carbothioamide

[Step 1] Synthesis of tert-butyl (1S,45)-5-((4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-fluoroben-
zyl)(4-tluorophenyl)carbamothioyl)-2,5-diazabicyclo
[2.2.1]heptan-2-carboxylate

(0315]
N

AN

I3

N AN

\/\(O% CR —

N-....__N
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X ‘ N
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[0316] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-4-fluoroaniline (1.000 g, 2.965 mmol) pre-
pared i step 1 of compound 17 and N,N-diisopropylethyl-
amine (1.549 mL, 8.895 mmol) were dissolved 1n
dichloromethane (30 mL) at 0° C., after which thiophosgene
(0.227 mL, 2.965 mmol) was added into the resulting
solution and stirred at the same temperature. Tert-butyl

(1S,4S)-2,5-diazabicyclo[2.2.1]heptan-2-carboxylate (0.705
g 3.558 mmol) was added into the reaction mixture and
turther stirred at room temperature for 18 hours. Saturated
aqueous sodium hydrogen carbonate solution was poured
into the reaction mixture and an organic layer was extracted
with dichloromethane. The organic layer was washed with
saturated aqueous sodium chloride solution, dehydrated with
anhydrous magnesium sulfate, filtered, and concentrated
under reduced pressure. The resulting concentrate was puri-
fied via column chromatography (S10,, 24 g cartridge; ethyl
acetate/hexane=10 to 40%) and concentrated to obtain a
desired compound (1.120 g, 65.4%) as a light yellow solid
form.

[Step 2] Synthesis of (1S5,4S)—N-(4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-N-(4-
fluorophenyl)-2,5-diazabicyclo[2.2.1]heptan-2-car-

bothioamide

[0317]
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Jun. 27, 2024

. -continued
N ‘ .
A .
/K O
N S \ >/ CF,H
HN Ny
[0318] Tert-butyl (15,45)-5-((4-(5-(difluoromethyl)-1,3,

4-oxadiazol-2-yl)-2-fluorobenzyl)(4-fluorophenyl)carba-
mothioyl)-2,5-diazabicyclo[2.2.1 Jheptan-2-carboxylate
(1.120 g, 1.939 mmol) prepared 1n step 1 and trifluoroacetic
acid (1.039 mL, 13.573 mmol) were dissolved in dichlo-
romethane (10 mL) at room temperature, after which the
resulting solution was stirred at the same temperature for 18
hours. Saturated aqueous sodium hydrogen carbonate solu-
tion was poured into the reaction mixture, an organic layer
was extracted with dichloromethane, filtered via a plastic
filter to remove a solid residue and an aqueous solution layer
therefrom, and concentrated under reduced pressure. An
obtained product was used without a further purification

process (0.780 g, 84.2%, yellow solid).

[Step 3] Synthesis of Compound 39

[0319]
b
N ‘ T
N N
O
N S \ >/CF2H —
HN N-__.N/
F\ /\‘ i
\/\N/\‘)\
N)\S \/\(OYCBH
/N N--...N/
[0320] (1S,45)—N-(4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)-2-fluorobenzyl)-N-(4-fluorophenyl)-2,5-di1azabi-
cyclo[2.2.1]heptan-2-carbothioamide (0.150 g, 0.314 mmol)
prepared 1n step 2 and formaldehyde (38.00 % solution in
water, 0.034 mL, 0.471 mmol) were dissolved in dichlo-
romethane (4 mL) at room temperature, after which sodium
triacetoxyborohydride (0.133 g, 0.628 mmol) was added to
the resulting solution and stirred at the same temperature for
18 hours. Saturated aqueous sodium hydrogen carbonate
solution was poured 1nto the reaction mixture, an organic
layer was extracted with dichloromethane, filtered via a
plastic filter to remove a solid residue and an aqueous
solution layer therefrom, and concentrated under reduced
pressure. The resulting concentrate was purified via column
chromatography (S10,, 4 g cartridge; methanol/dichlo-
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romethane=0 to 3%) and concentrated to obtain a desired
compound (0.070 g, 45.3%) as a white solid form.

[0321] 'H NMR (400 MHz, CDCl,) § 7.89~7.82 (m, 2H),
7.75 (dd, J=10.2, 1.3 Hz, 1H), 7.13-7.08 (m, 2H), 7.13-6.79
(m, 3H), 5.64 (d, J=15.9 Hz, 1H), 5.31 (d, J=3.4 Hz, 1H),
4.94 (s, 1H), 3.35~3.30 (m, 2H), 2.79~2.74 (m, 3H), 2.33 (s,
3H), 1.85 (d, J=10.0 Hz, 1H), 1.57 (dd, J=10.0, 1.5 Hz, 1H);
LRMS (ES) m/z 492.4 (M™+1).

Example 40: Synthesis of compound 40, (15,4S)—

N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-(4-fluorophenyl )-5-1sopropyl-2,5-
diazabicyclo[2.2.1]heptan-2-carbothioamide

10322]
F\/\‘ .
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[0323] (1S5,4S)—N-(4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)-N-(4-fluorophenyl)-2,5-d1azabi-
cyclo[2.2.1]heptan-2-carbothioamide (0.150 g, 0.314 mmol)
prepared by the same method as described in step 2 of
compound 39 and acetone (0.035 mL, 0.471 mmol) were
dissolved 1n dichloromethane (4 mL) at room temperature,
alter which sodium triacetoxyborohydride (0.133 g, 0.628
mmol) was added to the resulting solution and stirred at the
same temperature for 18 hours. Saturated aqueous sodium
hydrogen carbonate solution was poured into the reaction
mixture, an organic layer was extracted with dichlorometh-
ane, filtered via a plastic filter to remove a solid residue and
an aqueous solution layer therefrom, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 4 g cartridge; methanol/
dichloromethane=0 to 5%) and concentrated to obtain a
desired compound (0.087 g, 53.3%) as a light yellow solid
form.

[0324] 'H NMR (400 MHz, CDCl,) § 7.89~7.82 (m, 2H),
7.76 (d, J=9.6 Hz, 1H), 7.13~7.09 (m, 2H), 7.06~6.80 (m,
3H), 5.61 (d, J=15.9 Hz, 1H), 5.33 (d, J=15.8 Hz, 1H), 4.91
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(s, 1H), 3.64 (s, 1H), 3.37 (s, 1H), 3.04~3.02 (m, 1H),
2.72~2.70 (m, 2H), 2.49 (s, 1H), 1.87 (d, J=9.1 Hz, 1H), 1.60
(d, I=10.1 Hz, 1H), 0.92~0.88 (m, 6H); LRMS (ES) m/z
520.4 (M*+1).

Example 41: Synthesis of compound 41, (15,45)—
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl)-N-(4-fluorophenyl)-5-(oxetan-3-yl)-2,

S-diazabicyclo[2.2.1 ]heptan-2-carbothioamide

[0325]
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[0326] (1S5.4S)—N-(4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)-N-(4-fluorophenyl)-2,5-diazabi-
cyclo[2.2.1]heptan-2-carbothioamide (0.100 g, 0.209 mmol)
prepared by the same method as described 1n step 2 of
compound 39 and 3-oxetanone (0.020 mL, 0.314 mmol)
were dissolved 1n dichloromethane (4 mL) at room tempera-
ture, after which sodium triacetoxyborohydride (0.089 g,
0.419 mmol) was added to the resulting solution and stirred
at the same temperature for 18 hours. Saturated aqueous
sodium hydrogen carbonate solution was poured into the
reaction mixture, an organic layer was extracted with dichlo-
romethane, filtered via a plastic filter to remove a solid
residue and an aqueous solution layer therefrom, and con-
centrated under reduced pressure. The resulting concentrate
was purified via column chromatography (S10,, 4 g car-
tridge; ethyl acetate/hexane=>50 to 90%) and concentrated to
obtain a desired compound (0.068 g, 60.9%) as a white solid
form.

[0327] 'H NMR (400 MHz, CDCL,) & 7.89~7.85 (m, 2H),
7.75 (d, J=10.5 Hz, 1H), 7.12~7.08 (m, 2H), 7.05~6.79 (m,
3H), 5.58 (d, J=15.7 Hz, 1H), 5.34 (d, J=15.7 Hz, 1H), 4.97
(s, 1H), 4.67~4.63 (m, 2H), 4.49~4.44 (m, 2H), 3.87~3.81
(m, 1H), 3.32 (s, 1H), 3.12~3.09 (m, 2H), 2.75 (d, J=8.4 Hz,
1H), 2.70-2.69 (m, 1H), 1.80 (d, J=10.0 Hz, 1H), 1.57 (d,
J=10.0 Hz, 1H); LRMS (ES) m/z 534.4 (M*+1).
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Example 42: Synthesis of compound 42, (1S5,45)—
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-
fluorobenzyl )-N-(3,4-difluorophenyl)-5-methyl-2, 3-

diazabicyclo[2.2.1]heptan-2-carbothioamide

[Step 1] Synthesis of tert-butyl (1S,45)-5-((4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zy1)(3,4-difluorophenyl)carbamothioyl)-2,5-diazabi-

cyclo[2.2.1]heptan-2-carboxylate

[0328]
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[0329] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-3,4-difluoroaniline (1.000 g, 2.815 mmol)
prepared by the same method as described 1 step 1 of
example 13, thiophosgene (0.216 mL, 2.815 mmol) and
N,N-diusopropylethylamine (1.716 mL, 9.852 mmol) were
dissolved in dichloromethane (30 mlL), after which the
resulting solution was stirred at 0° C. for 30 minutes and
then tert-butyl (15,45)-2,5-diazabicyclo[2.2.1 Jheptan-2-car-
boxylate (0.558 g, 2.815 mmol) was added thereinto and
turther stirred at room temperature for 18 hours. Water was
poured 1nto the reaction mixture and an organic layer was
extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (510,, 40 g
cartridge; ethyl acetate/hexane=0 to 30%) and concentrated
to obtain a title compound (0.460 g, 27.4%) as a yellow o1l
form.

[Step 2] Synthesis of (1S5,4S)—N-(4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)-N-(3,4-
difluorophenyl)-2,5-diazabicyclo[2.2.1 Jheptan-2-

carbothioamide

[0330]
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[0331] Tert-butyl (1S,45)-5-((4-(5-(difluoromethyl)-1,3,

4-oxadiazol-2-yl)-2-fluorobenzyl)(3,4-ditfluorophenyl)car-

bamothioyl)-2,5-diazabicyclo[2.2.1 Jheptan-2-carboxylate

(0.460 g, 0.772 mmol) prepared 1n step 1 and trifluoroacetic
acid (0.591 mL, 7.723 mmol) were dissolved in dichlo-
romethane (10 mL) at room temperature, after which the
resulting solution was stirred at the same temperature for 18
hours. Solvent was removed from the reaction mixture under
reduced pressure, after which saturated aqueous sodium
hydrogen carbonate solution was poured into the resulting
concentrate and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. A title compound was used without a
turther purification process (0.350 g, 91.5%, colorless o1l).

[Step 3] Synthesis of Compound 42

[0332]
F
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[0333] (15.4S)—N-(4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)-2-fluorobenzyl)-N-(3,4-difluorophenyl)-2,5-di-

azabicyclo[2.2.1]heptan-2-carbothicamide (0.168 g, 0.339
mmol) prepared in step 2, formaldehyde (0.020 g, 0.678
mmol) and N,N-dusopropylethylamine (0.118 mlL, 0.678
mmol) were dissolved 1n dichloromethane (20 mL) at room
temperature, alter which the resulting solution was stirred at
the same temperature for 18 hours. Water was poured 1nto
the reaction mixture and an organic layer was extracted with
dichloromethane. The organic layer was washed with satu-
rated aqueous sodium chloride solution, dehydrated waith
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
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column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.110 g, 63.7%) as a colorless o1l form.

[0334] 'H NMR (400 MHz, CDCl,) & 7.88 (dd, ]=8.0, 1.6
Hz, 1H), 7.81~7.75 (m, 2H), 7.15~7.05 (m, 1H), 7.02 (s,
0.25H), 7.01~6.97 (m, 1H), 6.92 (s, 0.5H), 6.91~689.00 (m,
1H), 6.79 (s, 0.25H), 5.62 (d, J=15.9 Hz, 1H), 5.21 (d,
J=16.0 Hz, 1H), 4.96 (s, 1H), 3.47~3.45 (m, 2H), 2.88~2.80
(m, 3H), 2.38 (s, 3H), 1.94 (d, J=10.4 Hz, 1H), 1.64 (d,
J=10.2 Hz, 1H); LRMS (ES) m/z 510.8 (M*+1).

Example 43: Synthesis of compound 43, (15,4S5)—
N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-N-(3,4-difluorophenyl)-5-(oxetan-3-

y1)-2,5-diazabicyclo[2.2.1 Jheptan-2-carbothioamide

0335
F
F
F NN

[0336] (1S,45)—N-(4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)-2-fluorobenzyl)-N-(3,4-ditfluorophenyl)-2,5-di-

azabicyclo[2.2.1]heptan-2-carbothicamide (0.126 g, 0.254
mmol) prepared by the same method as described 1n step 2
of compound 42, 3-oxetanone (0.030 mL, 0.509 mmol) and
N,N-dusopropylethylamine (0.089 mL, 0.509 mmol) were
dissolved 1n dichloromethane (20 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.088 g, 62.7%) as a colorless o1l form.

[0337] 'H NMR (400 MHz, CDCl,) & 7.89~7.76 (m, 3H),
7.15~7.05 (m, 1H), 7.02 (s, 0.25H), 7.00~6.97 (m, 1H), 6.92
(s, 0.5H), 6.91~6.87 (m, 1H), 6.79 (s, 0.25H), 5.53 (d,
J=15.8 Hz, 1H), 5.29 (d, J=15.8 Hz, 1H), 4.96 (s, 1H), 4.65
(dd, J=13.8, 6.7 Hz, 2H), 4.48~4.41 (m, 2H), 3.84~3.81 (m,
1H), 3.81 (s, 1H), 3.25~3.00 (m, 2H), 2.78~2.75 (m, 2H),
1.82 (d, I=10.1 Hz, 1H), 1.61 (d, J=27.1 Hz, 1H); LRMS
(ES) m/z 552.8 (M*+1).
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Example 44: Synthesis of Compound 44, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2- ﬂuoroben—
zy1)-N-(3,4- dlﬂuorophenyl) 2-methyl-2,7-diazaspiro
[3.5]110nan—7-carb0thjoamide

[Step 1] Synthesis of tert-butyl 7-((4-(5-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(3,4-
difluorophenyl)carbamothioyl)-2,7-diazaspiro[3.5]

nonan-2-carboxylate
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[0339] N-(4-(3-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-3,4-difluoroaniline (1.000 g, 2.815 mmol)
prepared by the same method as described in step 1 of
compound 13, thiophosgene (0.216 mL, 2.815 mmol) and
N,N-diisopropylethylamine (1.716 mL, 9.852 mmol) were
dissolved in dichloromethane (30 mlL), after which the
resulting solution was stirred at © C. for 30 minutes and then
tert-butyl 2,7-diazaspiro[3.5]nonan-2-carboxylate (0.637 g,
2.815 mmol) was added thereinto and further stirred at room
temperature for 18 hours. Water was poured into the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 40 g cartridge; ethyl acetate/
hexane=0 to 30%) and concentrated to obtain a title com-
pound (0.600 g, 34.2%) as a yellow o1l form.

[Step 2] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl )-N-(3,4-difluoro-
phenyl)-2,7-diazaspiro[3.5]|nonan-"7-carbothioamide

10340]
/Q\G\W CF,H
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-continued

N/J\S ‘ = \ O>/CF2H

N-...____N

[0341] Tert-butyl 7-((4-(5-(difluoromethyl)-1,3,4-oxadi-
azol-2-yl)-2-fluorobenzyl)(3,4-difluorophenyl)carbamo-

thioyl)-2,7-diazaspiro[3.5]|nonan-2-carboxylate (0.600 g,
0.962 mmol) prepared i1n step 1 and trifluoroacetic acid
(0.737 mL, 9.621 mmol) were dissolved in dichloromethane
(10 mL) at room temperature, after which the resulting
solution was stirred at the same temperature for 18 hours.
Solvent was removed from the reaction mixture under
reduced pressure, alter which saturated aqueous sodium
hydrogen carbonate solution was poured into the resulting
concentrate and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. An obtained product was used without a
turther punification process (0.500 g, 99.3%, colorless o1l).

[Step 3] Synthesis of Compound 44
[0342]

/K O .
HN

F\‘/-\
F/\/\N/\)\

‘\/\‘/ >/CF2H

N""‘"N

[0343] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-N-(3.4-difluorophenyl)-2,7-diazaspiro[3.5]

nonan-7-carbothioamide (0.216 g, 0.413 mmol) prepared in
step 2, formaldehyde (0.025 g, 0.825 mmol) and N,N-
duisopropylethylamine (0.144 mL, 0.825 mmol) were dis-
solved 1 dichloromethane (20 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
aqueous sodium chloride solution, dehydrated with anhy-

Jun. 27, 2024

drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (S10,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.100 g, 45.1%) as a colorless o1l form.

[0344] 'H NMR (400 MHz, CDCL,) & 7.87 (dd, J=8.0, 1.4
Hz, 1H), 7.81 (dd, J=10.3, 1.4 Hz, 1H), 7.73 (t, J=7.7 Hz,
1H), 7.14~7.10 (m, 1H), 7.05 (s, 0.25H), 6.97~6.93 (m, 1H),
6.93 (s, 0.5H), 6.85~6.83 (m, 1H), 6.80 (s, 0.25H), 5.38 (s,
2H), 3.75~3.55 (m, 4H), 3.36 (s, 4H), 2.56 (s, 3H), 1.72~1.
69 (m, 4H); LRMS (ES) m/z 538.7 (M*+1).

Example 45: Synthesis of Compound 45, N-(4-(5-

(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-

zy1)-N-(3,4-difluorophenyl)-2-(oxetan-3-yl)-2,7-
diazaspiro[3.5|nonan-7-carbothioamide

[0345]
b
b
)\ CFZH —
N"""'l-.N
HN
I3
b
/K CFgH
N--......N
N
[T
[0346] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-

fluorobenzyl)-N-(3,4-difluorophenyl)-2,7-diazaspiro[3.3]
nonan-7-carbothioamide (0.185 g, 0.353 mmol) prepared by
the same method as described in step 2 of compound 44,
3-oxetanone (0.041 mL, 0.707 mmol) and N,N-diisopropy-
lethylamine (0.123 mL, 0.707 mmol) were dissolved 1n
dichloromethane (20 mL) at room temperature, aiter which
the resulting solution was stirred at the same temperature for
18 hours. Water was poured 1nto the reaction mixture and an
organic layer was extracted with dichloromethane. The
organic layer was washed with saturated aqueous sodium
chloride solution, dehydrated with anhydrous sodium sul-
fate, filtered, and concentrated under reduced pressure. The
resulting concentrate was purified via column chromatog-
raphy (S10,, 12 g cartridge; methanol/dichloromethane=0 to
10%) and concentrated to obtain a title compound (0.035 g,
17.1%) as a colorless o1l form.

[0347] 'HNMR (400 MHz, CDCl,) § 7.89~7.87 (m, 1H),
7.82~7.80 (m, 1H), 7.75~7.71 (m, 1H), 7.17~7.12 (m, 1H),
7.06 (s, 0.25H), 7.02~6.94 (m, 1H), 6.93 (s, 0.5H), 6.89~6.
87 (m, 1H), 6.80 (s, 0.25H), 5.38 (s, 2H), 4.97~4.93 (m, 2H).
4.70~4.67 (m, 2H), 4.35~4.25 (m, 1H), 3.80~3.40 (m, 8H),
1.72~1.69 (m, 4H); LRMS (ES) m/z 580.9 (M*+1).




US 2024/0208956 Al

Example 46: Synthesis of Compound 46, N-(4-(5-
(difluoromethyl)-1,3,4-oxadiazol-2-yl)-2-fluoroben-
zy1)-N-(3,4-difluorophenyl)-7-methyl-2,7-diazaspiro
[3.5]nonan-2-carbothioamide

[Step 1] Synthesis of tert-butyl 2-((4-(3-(difluorom-
cthyl)-1,3,4-oxadiazol-2-yl)-2-fluorobenzyl)(3.,4-
difluorophenyl)carbamothioyl)-2,7-diazaspiro[3.5]

nonan-7/-carboxylate

(0348]
F
N7 X .
P2 O
\ >/CF2H —
Ny
F N i

A
N/J\S ‘\/\\/O
| >/CF2H

N-...__N

[0349] N-(4-(5-(difluoromethyl)-1.3,4-oxadiazol-2-y1)-2-
fluorobenzyl)-3,4-difluoroaniline (1.000 g, 2.815 mmol)
prepared by the same method as described n step 1 of
compound 13, thiophosgene (0.216 mL, 2.815 mmol) and
N,N-dusopropylethylamine (1.716 mL, 9.852 mmol) were
dissolved in dichloromethane (30 mlL), after which the
resulting solution was stirred at © C. for 30 minutes, added
and further stirred at room temperature for 18 hours. Water
was poured into the reaction mixture and an organic layer
was extracted with dichloromethane. The organic layer was
washed with saturated aqueous sodium chloride solution,
dehydrated with anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting concen-
trate was purified via column chromatography (S10,, 40 g
cartridge; ethyl acetate/hexane=0 to 30%) and concentrated
to obtain a title compound (0.230 g, 13.1%) as a yellow o1l
form.

[Step 2] Synthesis of N-(4-(5-(difluoromethyl)-1,3,
4-oxadiazol-2-yl)-2-fluorobenzyl)-N-(3,4-difluoro-
phenyl)-2,7-diazaspiro[3.5|nonan-2-carbothicamide

10350]
F
O
F N
)\ O
N S CFL,H —
\ >/ >
N TN
Bc:c"/
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. -continued
I3
b N
)\ O
N S \ >_/CF2H
N--...._N
HN
[0351] Tert-butyl 2-((4-(5-(difluoromethyl)-1,3,4-oxadi-

azol-2-yl)-2-fluorobenzyl)(3,4-difluorophenyl)carbamo-
thioyl)-2,7-diazaspiro[3.5]|nonan-7-carboxylate (0.230 g,
0.369 mmol) prepared 1n step land trifluoroacetic acid (0.282
ml., 3.688 mmol) were dissolved in dichloromethane (10
ml.) at room temperature, atter which the resulting solution
was stirred at the same temperature for 18 hours. Solvent
was removed Ifrom the reaction mixture under reduced
pressure, after which saturated aqueous sodium hydrogen
carbonate solution was poured 1nto the resulting concentrate
and an organic layer was extracted with dichloromethane.
The organic layer was washed with saturated aqueous
sodium chlonde solution, dehydrated with anhydrous
sodium sulfate, filtered, and concentrated under reduced
pressure. An obtained product was used without a further
purification process (0.150 g, 77.7%, colorless o1l).

[Step 3] Synthesis of Compound 46

[0352]
b
b
b N
/J\ O
N S | >/CF2H —>
N-...__N/
HN
b
1]
0 /\N/\‘)\
K O
N-..__N
/N
[0353] N-(4-(5-(difluoromethyl)-1,3,4-oxadiazol-2-y1)-2-

fluorobenzyl)-N-(3,4-difluorophenyl)-2,7-diazaspiro[3.3]

nonan-2-carbothioamide (0.139 g, 0.266 mmol) prepared in
step 2, formaldehyde (0.016 g, 0.531 mmol) and N,N-
dusopropylethylamine (0.092 mL, 0.531 mmol) were dis-
solved 1n dichloromethane (20 mL) at room temperature,
alter which the resulting solution was stirred at the same
temperature for 18 hours. Water was poured 1nto the reaction
mixture and an organic layer was extracted with dichlo-
romethane. The organic layer was washed with saturated
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sodium chloride aqueous solution, dehydrated with anhy-
drous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting concentrate was purified via
column chromatography (510,, 12 g cartridge; methanol/
dichloromethane=0 to 10%) and concentrated to obtain a
title compound (0.060 g, 42.0%) as a black o1l form.
[0354] 'H NMR (400 MHz, CDCl,) 8 7.95~7.88 (m, 2H),
7.72 (dd, J=10.0, 1.4 Hz, 1H), 7.13 (dd, J=18.2, 8.8 Hz, 1H),
7.05 (s, 0.25H), 7.02~6.97 (m, 1H), 6.92 (s, 0.5H), 6.90~6.
87 (m, 1H), 6.79 (s, 0.25H), 5.57 (s, 2H), 3.80~3.20 (m, 4H),
2.60~2.40 (m, 4H), 2.32 (s, 3H), 1.74 (t, J=5.4 Hz, 4H);
LRMS (ES) m/z 538.7 (M"+1).

Protocol for Measuring and Analyzing Activity of
Compound of Present Invention

Experimental Example 1. Confirmation of HDAC
Enzyme Activity Inhibition (In Vitro)

1. Experimental Method

[0355] An HDAC enzyme inhibitory capacity of test mate-
rial was measured by using HDAC1 Fluorimetric Drug
Discovery Assay Kit (Enzolifesciences: BML-AKS511) and
HDAC6 human recombinant (Calbiochem: 382180). For a
HDACI] assay, samples were treated at a concentration of
100 nM, 1000 nM and 10000 nM. For an HDACG6 assay,
samples were treated at a concentration of 0.1 nM, 1 nM, 10
nM, 100 nM and 1000 nM. After the sample treatment, a
reaction was continued at 37° C. for 60 minutes, treated with
a developer, and subjected to reaction at 37° C. for 30
minutes, alter which fluorescence mtensity (Ex 390 nm, Em
460 nm) was measured by using FlexStation3 (Molecular
device). For final result values, each IC., value was calcu-
lated with GraphPad Prism 4.0 program.

2. Experimental Results

[0356] The results of searching HDAC enzyme activity
inhibition obtained according to the experimental method
are shown 1n table 2.

TABLE 2

HDAC®6
[Csq (UM)

HDACI

Compound IC54 (UM)

0.086
0.066
0.037
0.037
0.037
0.031
0.036
0.075
0.13%
0.045
0.050
0.135
0.076
0.039
0.054
0.063
0.041
0.061
0.054
0.060
0.070
0.083
0.062

00 =1 On o o hD = O A0 B0 - O B L) R

— O ND

I
k2
/A A AR A /AL AN AR A A A A A /R A A A A A A A4
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TABLE 2-continued

HDACG6 HDACI
Compound IC54 (UM) IC56 (UM)
24 0.083 >10
25 0.046 >10
26 0.089 >10
27 0.112 >10
28 0.077 >10
29 0.070 >10
30 0.024 >10
31 0.035 >10
32 0.045 >10
33 0.035 >10
34 0.047 >10
35 0.066 >10
36 0.043 >10
37 0.067 >10
38 0.051 >10
39 0.030 >10
40 0.055 >10
41 0.073 >10
42 0.057 >10
43 0.077 >10
44 0.080 >10
45 0.196 >10
46 0.028 >10

[0357] As described 1n table 2, 1t was confirmed from the
results of testing the activity inhibition to HDACI1 and
HDAC6 that the thiocarbonyl compound of the present
invention, stereoisomers thereof, or pharmaceutically

acceptable salts thereot show an excellent selective HDAC6H
inhibitory activity to HDACI.

1. A 1,3,4-oxadiazole thiocarbonyl compound represented
by formula I, stereoisomers thereol or pharmaceutically
acceptable salts thereof:

<Formula [>

= I
—< Z,—77

S

wherein,

L,, L, and L, are each independently a single bond or
—(C,-C, alkylene)-;

R, 1s —H, —(C,-C, alkyl), —(C,-C, alky)-O(C,-C,
alkyl), —(C,-C, alkyl)-C(=0)—0O(C,-C, alkyl),
—(C5-C, cycloalkyl), —(C,-C, cycloheteroalkyl),
-aryl, -heteroaryl, -adamantyl,

or ,
C o) 4 \
77T X N7
in R*,
at least one H of —(C, -C, alkyl) may be substituted with
-1 or —OH,

at least one H of -aryl or -heteroaryl may be each
independently substituted with -1, —OH, —O(C,-C,
alkyl), —OCF,, —O-aryl, —NR”R*, —(C,-C, alkyl),
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—CF;, —CF,H, —C(=0)—(C,-C, alkyl),
—C(=0)—0(C,-C, alkyl), —C(=0)—NR”R",
—S(=0),—(C,-C, alkyl), -aryl, -heteroaryl,

- /%= v /7\*%. .

Y
77 Xy MR
Y Y le
4 b 34P\Q |

in which at least one H of

may be substituted with -T, —(C,-C, alkyl), —CF; or
—CF,H,
at least one H of —(C;-C, cycloalkyl), —(C,-C, cyclo-
heteroalkyl), -adamantyl,

23
N Y

77T X

may be each independently substituted with -T, —OH or
—(C,-C, alkyl);
R, is —NR“R”, —ORS, -heteroaryl,

Yl . Y5 ? YZ Yﬁ of
M M,
Y- S . N ;
J

in R,
at least one H of

Yi. Y5 T Y, Y6

may be substituted with -1, —OH, —O(C, -C, alkyl), —NR-
PR*, —(C,-C, alkyl), —CF,, —CF_H, —CN, -aryl, -het-
eroaryl, —(C, -C, alkyl)-aryl or —(C,-C, alkyl)-heteroaryl,
in which at least one H of -aryl, -heteroaryl, —(C,-C,
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alkyl)-aryl or —(C,-C, alkyl)-heteroaryl may be substituted
with -T, —OH, —CF; or —CF,H;
R, 1s -CT; or -CT,H;
Y., Y, Y, and Y, are each independently —CH—,
— CHR"—, —NR"—, —O—, —C(—0)— or S(—0)

IR

Y;, Y. and Y are each independently —CH— or —IN—;

7, to Z, are each independently N or CR*;

in /7, to 7,

at least three of Z, to Z, may not be N at the same time,
and R“ is —H, -T or —O(C,-C, alkyl);

7. and 7. are each independently —CH,— or —O

7 and Z, are each independently —CH— or —=N—;

Z,is —NR“— or —S—;

R* and R” are each independently —H, —(C,-C, alkyl),
—(C,-C, alkyl)-OH, —(C,-C, alky])-NR”R*, -aryl,
—(C,-C, alkyl)-aryl, -heteroaryl, —(C,-C, alkyl)-het-
eroaryl, —(C;-C, cycloalkyl), —(C,-C, heterocycloal-
kyl) or

3

in R? and R”,

at least one H of —(C, -C, alkyl), —(C,-C, alkyl)-OH or
—(C,-C, alkyl)-NR”R* may be substituted with -T,

at least one H of -aryl, —(C, -C, alkyl)-aryl, -heteroaryl,
—(C,-C, alkyl)-heteroaryl, —(C;-C, cycloalkyl) or
—(C,-C; heterocycloalkyl) may be substituted with -T,
—OH, —O(C,-C, alkyl), —(C,-C, alkyl), —CFj,
—CF,H or —CN,

at least one H of

Y4/H{ Y3 AP%
M Q

may be substituted with -1, —OH, —O(C, -C, alkyl), —(C, -
C, alkyl), —CF,, —CF,H, —CN, —(C,-C, heterocycloal-
kyl), -aryl, —(C,-C, alkyl)-aryl or -heteroaryl;
R¢ is —(C,-C, alkyl), -aryl, —(C,-C,, alkyl)-aryl, -het-
eroaryl or —(C,-C,, alkyl)-heteroaryl, in R,
at least one H of —(C, -C, alkyl) may be substituted with
-1 or —OH,
at least one H of -aryl, —(C, -C, alkyl)-aryl, -heteroaryl or
—(C,-C, alkyl)-heteroaryl may be substituted with -T,
—OH, —CF; or —CF,H;
R” and R” are each independently —H, —(C,-C,, alkyl),
-aryl or —(C,-C, alkyl)-aryl, in R” and R”,
at least one H of —(C, -C, alkyl) may be substituted with
-T or —OH, at least one H of -aryl or —(C,-C,
alkyl)-aryl may be substituted with -T, —OH, —CF, or
—CF,H;
R" is —H, —(C,-C, alkyl), —(C,-C, alkyl)-OH, —(C, -
C, alky])-O—(C,-C, alkyl), —C(=0)—(C,-C, alkyl),
—C(=0)—0O(C,-C, alkyl), —(C,-C, alkyl)-C
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(—=0)—0O(C,-C, alkyl), —NR”R*, —(C,-C, alkyl)-
NR”R”, —S(=0),—(C,-C, alkyl), -aryl, —(C,-C,
alkyl)-aryl, —(C,-C, alkenyl)-aryl, -heteroaryl, —(C, -
C, alkyl)-heteroaryl, —C(=—0)—(C;-C, cycloalkyl),
—(C,-C¢ heterocycloalkyl) or —(C,-C, alkyl)-C
(—0O)—(C,-C, heterocycloalkyl),
in R”,
at least one H of —(C,-C, alkyl), —(C,-C, alkyl)-OH,
—(C,-C, alky)-O—(C,-C, alkyl), —C(=0)—(C,-C,
alkyl), —C(=0)—0(C,-C, alkyl), —(C,-C, alkyl)-C
(=0)—0O(C,-C, alkyl), —NR”R*, —(C,-C, alkyl)-
NR”R* or —S(—0),—(C,-C, alkyl) may be substi-
tuted with -T,

at least one H of -aryl, —(C,-C, alkyl)-aryl, —(C,-C,
alkenyl)-aryl, -heteroaryl, —(C,-C, alkyl)-heteroaryl,
—C(=0)—(C;-C, cycloalkyl), —(C,-C, heterocy-
cloalkyl) or —(C,-C, alkyl)-C(=0)—(C,-C, hetero-
cycloalkyl) may be substituted with -T, —OH, —(C, -
C, alkyl), —CF; or —CF,H;

R® is —H or —(C,-C, alkyl);

Q 1s —O— or a single bond;

e 1S A S1Ngle bond or a double bond, provided that

when 1s a double bond, Y, 1s —CH—;

a to e are each independently an integer o1 0, 1, 2, 3 or 4,

provided that a and b may not be 0 together, and ¢ and
d may not be 0 together;

f 1s an mteger of 1 or 2; and

Ti1s E, Cl, Br or L.

2. The 1,3.4-oxadiazole thiocarbonyl compound repre-
sented by formula I, stereoisomers thereol or pharmaceuti-
cally acceptable salts thereot according to claim 1, wherein
in formula I,

L.,, L, and L, are each independently a single bond or
—(C,-C, alkylene)-;

R'is —(C,-C, alkyl), —(C,-C,, aryl) or —(C,-C,, het-
eroaryl) including at least one heteroatom selected from
the group consisting of O, N and S,

in R*,

at least one H of —(C,-C, alkyl) may be substituted with
-1 or —OH,

54
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at least one H of —(C.-C,, aryl) or —(C;-C, , heteroaryl)
including at least one heteroatom selected from the
group consisting of O, N and S may be each indepen-
dently substituted with -1, —CF, or —CF,H;

R, 1s —(C;-C, ; heteroaryl) including at least one heteroa-
tom selected from the group consisting of O, N and S,

b, d b or;

R, 1s -CT; or -CT,H;
Y,, Y,, Y, and Y, are each independently —CH—,
—CHR"—, —NR"—, —O—, —C(=0)— or S(=0)

2 s
Y;, Y. and Y, are each independently —CH— or —IN—;
7. to 7, are each independently N or CR?,
in Z, to 7Z,,
at least three of Z, to Z, may not be N at the same time,
R 1s —H, -T or —O(C,-C, alkyl);
R" is —H, —(C,-C, alkyl), —C(—0)—(C,-C, alkyl) or
—(C,-C heterocycloalkyl);

1s a single bond or a double bond, provided that
when e 15 a double bond, Y, 1s —=CH—;
a to e are each mdependently an integer of 0, 1, 2, 3 or 4,
provided that a and b may not be 0 together, and ¢ and
d may not be 0 together;
f 1s an integer of 1 or 2; and
T1s F, Cl, Brorl
3. The 1,3,4-oxadiazole thiocarbonyl compound repre-
sented by formula I, stereoisomers thereol or pharmaceuti-
cally acceptable salts thereof according to claim 1, wherein
the compound represented by formula I 1s any one selected
from the group consisting of compounds 1 to 46;
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Compound Structure
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Compound Structure
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4. A pharmaceutical composition comprising the 1,3.4-
oxadiazole thiocarbonyl compound according to claim 1,
stereo1somers thereol or pharmaceutically acceptable salts
thereof as an active ingredient.

5. The pharmaceutical composition according to claim 4,
wherein the pharmaceutical composition 1s for the preven-
tion or treatment of histone deacetylase (HDAC)-mediated
diseases.

6. The pharmaceutical composition according to claim 5,
wherein the histone deacetylase (HDAC)-mediated diseases
are 1nfectious diseases; neoplasm; endocrinopathy, nutri-
tional and metabolic diseases; mental and behavioral disor-
ders; neurological diseases; eye and ocular adnexal diseases;
circulatory diseases; respiratory diseases; digestive troubles;
skin and subcutaneous tissue diseases; musculoskeletal sys-
tem and connective tissue diseases; or teratosis, deformities
and chromosomal aberration.

7. The pharmaceutical composition according to claim 6,

wherein
the 1infectious diseases are prion disease;
the neoplasm 1s benign tumor or malignant tumor;
the endocrinopathy, nutritional and metabolic diseases are

Wilson’s disease, amyloidosis or diabetes;
the mental and behavioral disorders are depression or rett

syndrome;

the neurological diseases are central nervous system atro-
phy, neurodegenerative disease, motor disorder, neu-
ropathy, motor neuron disease or central nervous sys-
tem demyelinating disease;

the eye and ocular adnexal diseases are uveitis;

the skin and subcutaneous tissue diseases are psoriasis;
the circulatory diseases are atrial fibrillation or stroke;
the respiratory diseases are asthma;

the digestive troubles are alcoholic liver disease, inflam-
matory bowel disease, Crohn’s disease or ulcerative
bowel disease;

the musculoskeletal system and connective tissue diseases
are rheumatoid arthritis, osteoarthritis or systemic
lupus erythematosis; and

the teratosis, deformities and chromosomal aberration are
autosomal dominant polycystic kidney disease.

8. A method for preventing or treating histone deacetylase
(HDAC)-mediated diseases, the method comprising admin-
istering a therapeutically eflective amount of the 1,3,4-
oxadiazole thiocarbonyl compound according to claim 1,
stereoisomers thereol or pharmaceutically acceptable salts
thereof.

9-10. (canceled)
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